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Tw INTRODUGRION 
A. LEGISLATIVE AUTHORITY 
The California State Legislature, through requarements ror! the 
Seismic Safety and Safety Elements, has placed specu irc 
responsibilities on local government for identification and 
evaluation of natural hazards and formation of programs and 
regulations to reduce risk. Specific authority is derived 
from Government Code Sections 65302(f) and 65302.1 which require 
Seismic Safety and Public Safety Elements of all city and 
county generailieians,.,as follows: 

"A Seismic Safety Element consisting of an 

identification and appraisal of seismic hazards 

such as susceptibility to surface ruptures 

from faulting, to ground shaking, to ground 

Ted lures, or fo the vetiecrswor selcmicairy 

induced waves such as tsunamis and seiches. 

"The Seismic Safety Element shall also include an 

appraisaltol jmudsilides, landslides, and=slope 

stabilityeas: necessary geologic rhazards, thate must 

be considered simultaneously with other hazards 

such “as possible surface ruptures, from, faulbine,. 

ground shaking, ground failure, and seismically 

induced\waves." = (Section 65302(Tf) ). 

"A Safety Element for the protection of the 

community from fires and geologic hazards including 

features necessaryelogesuchepeovection as 

evacuation routes, peak load water supply requirements, 

minimum road widths, clearances around structures, and 

geologic hazard mapping in areas of known geologic 

hazards." (Section 65302.1) 
The effect of these sections 1s to requame.cd-tiescsand-covumtiies 
to take seismic and other matural nazerds Into account. in 
TACi@ep banning programs... (Thesprineipal catalyst for uthis 
requirement was the February 9, 1971 San Fernando earthquake 
in which 65 people were killed and property damage exceeded 


the pillion’ dollar mark. Gonciisions com the 1973 Urban 


Geology Master Plan for California also give causeitor 
considering geologic hazards in the planning process. Summary 
conclusions from this study estimate dollar losses due to 
geologic hazards in California between 1970 and 2000 will 


amount ito! more! than.$3/ “billion (Figure 1): 


B. PURPOSE AND APPROACH 

The basic objectives of the Seismic Safety and Safety Elements 
are to identify and evaluate natural hazards confronting cities 
and counties and to recommend policies that would reduce the 
adverse impact of those hazards if they are realized. 
Specifically, these elements evaluate both primary and 
Secondary seismic hazards, flooding, fire, and aircraft crash 
hazards. The intent of the recommended policies is to provide 
an opportunity to reduce the loss of life, property damage, 

and social and economic dislocations in the event of a major 


earthquake, flood or fire. 


The purpose of this document is to serve as an official guide 
to the City Council and the Mayor, the Planning Board and 
other governmental bodies, citizens, and private organizations 
concerned! with natural Ghazards insthe \Citytof fAlameda oa yThe 
Seismic Safety and Safety Elements are intended to establish 
uniformity of policy and direction within the City government 
vO Mindmize the risk from seismic events and other natural 
Nnazeards. These Blements include goals, policies, safety 
criteria, and maps as a basis for decision-making in public 
and private development matters. Btn information is to be 


used in conjunction with other established City policies 


GEOLOGIC HAZARDS IN CALIFORNIA 
TO THE YEAR 2000: 


A $37 BILLION PROBLEM 


Loss OF . 

. MINERAL RESOURCES hr 
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Erosion $600 Million 
Expansive Soil $150 Million 
Fault Displacement $76 Million 
Volcanic Eruption $49 Million 
Tsunami $41 Million 

Subsidence $26 Million 


Ficure l, 


Source: Urban Geology, Master Plan for California, Bulletin 198, 1973. 


Contained ain une wGeneral Plan, antdasiould Laven major =erole 


in determining future land use. 


The Seismic Safety and Safety Elements have been prepared as 
one report for the City of Alameda in two component sections. 
The first, the Policy Section as.concerned with che Ampli- 

Gat OnS=Obsthe technical Tindings: forsthe Gity. while the 
second, the Teehnical Section, addresses the nature and extent 
of Seismic andy iire hazards quell wHOoulG be. noted that Ghe 
seience of seismology is relatively youne, and £hat much remains 
to be learned. The basic philosophy under which this document 
was prepared is that we should incorporate natural hazards 
analysis into the planning process based on what we know today, 
rather than waiting until we know all that we would like to 


know. 


Ti. “BXLSTING, CONDITIONS 

A, EYPES OP HAZARDS 

TWO basic Proups of natural nazards ave considered in =this 
document: seismic and fire hazards. ~A third category, 
flooding, is not considered a significant hazard in Alameda. 
There are several types of seismic hazards which can be grouped 
in a cause-and-effect classification that is the basis for the 
order of their consideration. Earthquakes originate as 

shock waves generated by movement along an active Baul. 

The primary seismic hazards are ground shaking arid fone 
potential for ground rupture along the surface trace of the 
fault. Secondary seismic hazards result from the interaction 
of ground shaking with existing soil and bedrock conditions, 
and include liquefaction, settlement, landslides, tsunamis 

or "tidal waves", and seiches (oscillating waves in lakes and 


reservoirs). 


The potentially damaging natural events (hazards) discussed 
above may interact with man-made structures. Lio sURic hue 

is unable to accommodate the natural event, failure will occur. 
The potential for such failure is termed a structural hazard, 
and includes not only structures themselves, but also the 
potential for damage or injury. that could occur-~as: the 

result of movement of loose or inadequately restrained objects 


within, on, or adjacent to a structure. 


A more in-depth discussion of earthquake terminology and 
concepts is included in the Tneroduction of -the Technical 


Report of the Seismic Safety Element, along with a Glossary 


5 


of Terms in back of this section (Appendix A). 


Flo6ding hazards in the City of Alameda may be considered 
limited to that resulting from inadequate capacities of local 
storm drains following periods of heavy rainfall. Flooding 
Ofpthis type sts wlocdl einnature. andsusually results sin 
inconveniences to local residents rather than significant, 


wide spread damage. 


Fire hazards considered in this report are limited to urban 
fires. The built-up nature of the City precludes the possibility 
of damaging brush fires characteristic of more outlying 


locations. 


B. TECHNICAL CONCLUSIONS 

One of the principal objectives of the Seismic Safety and 
Safety Elements is to identify and evaluate the different types 
of seismic and fire hazards. These analyses are found in the 
Technical Section and form the basis for the recommended 

goals and policies of each Element. Mejor conclusions from 


the technical analysis are as follows: 


Seismic Hazards 

1. TheeCityeof Alameda is, located im a part om California 
considered seismically active. 

2. The states of activity of the major faults affecting the 
City have been evaluated using available published and 


unpublished data. Major conclusions are: 


aren The San-Andreas fault is,active, and is 

expected to be the source of a magnitude 

8.0 —- 8.5 earthquake in the forseeable 

PULUre. 
b. The Hayward fault zone is active and is 

expected to be the source OL Fue 

significant earthquakes. 
e. Earthquakes can and will occur on other 

faulte- in the. reeion., butytheir effects 

on the study area will be less than those 

for the events on either the San Andreas 

or Hayward fault zones. 
The earthquakes expected from the San Andreas and Hayward 
fault zones will result in ground shaking of approximately 
equal intensity in Alameda, depending on the characteristic 
of earthquake shaking applicable to a particular structure. 
Since the earthquake from the San Andreas fault zone has 
a greater risk of occurrence than that from the Hayward 
fault zone, the former is considered applicable to 
structures of non-critical use, and both events should 
be considered in the design of critical aCe Lao Les s 
Microzonation of the study area is based on the distance 
from the Hayward and San Andreas fault zones and the type 
of earth materials present. The ground shaking character- 
istics of each zone for each expected earthquake are 
presented as response spectra in the report, and the 
generalized characteristics of expected shaking to be 
applied to each of the zones in the City are summarized 
in Table 7. The areal distribution of the zones as 
shown on Plate I. The response spectra and “Table f 


provide the necessary information to assist a structural 


engineer in modifying the exist ime bulidime codes: 


Bt (Lbrquefactdon and iseurlement are Comc1cered sipiiiaeant 
hazards’ in ald. of thestivy.| Ssoitsreneimnecring reports 
prepared for sites in the City should specifically address 
the problems of liquefaction and settlement, and evaluate 
them using the ground shaking parameters presented in this 
report. 

6. Landsliding 1s not a significant hazard’ in- the City because 
of the dack"oL sieniircant= toporraphic rel tert, 

i. wherhnazard from tsunamis Cises. "tidal waves") is present in 
the low-lying areas of the City. The area expected to be 
atfected bya tsunami with a recurrence interval of approxi-— 
mately 200 years is shown on Plate I. The probable effect will 
be similar to rapidly fluctuating, exaggerated tides rather 


than large waves. 


Fire Hazards 

1. Fire hazards in the City of Alameda are of a wholly urban nature. 

eo. The major problem iis shire in ine barero apartment’, complexes. such 
as those in the South Shore Beach and Shore Point Road areas. 

3.7) Problems: of a. Somewnal slessaceitical nature winclude fires at 
the Todd Shipyards .and the Eneinal terminals. 

4. Rupture of local gas .lines,.downed .clectrical utility lines, 
or severed water mains, could compound fire hazards in the 
event) ofiiaismajor disaster suchtas.an earthquake... The City 
does not have a secondary water supply for fire-fighting 
purposes. 

5. The City of mAlamedasreceives -adequateti ire rrovection through 


the City Fire Department. 


Flooding Hazards 

1. « Flooding within, the City is limited to storm drain 
inadequacies during periods of heavy runoff. Such flooding 
conditions which are local in nature and are variable in 


location do not pose a threat to general public safety. 


C. HAZARD DELINEATION 

The areal distribution of seismic hazards in the City of 
Alameda is shown on Plate I. Detailed discussions of the 
analyses of these hazards are contained in the Technical 
Section. A brief explanation is provided here as background 
for the recommended policies, and as an aid in interpreting 


Plate a. 


hes Seismic Hazards 


The primary seismic hazard of most concern Oy oles CL eOk 


Alameda is groundshaking, which is described on Plate I as 

a pattern of seismic zones. These zones were derived through 
an analysis of the variation in underlying geologic formations 
and distance from the Hayward and San Andreas fault zones. 
Variations within the study area were evaluated by means of 
three mathematical models representative of geologic con- 


ditions in the study area. 


The seismic zones are expressive of the level of ground motion 
that can generally be sai diated from earthquakes on the 
principal fault systems affecting the City of Alameda. The 
characteristics of each seismic zone are represented by 
response spectra which translate ground motion into displace- 


ment “(inches ); uveieeitylGnehes per second); "andlacceberation 


Co ae 


(inches per second per second, expressed as a percentage of 
the acceleration of gravity). These three factors, which are 
derived from mathematical analysis, essentially describe each 
seismic Zone. These are= the seouhysical "toots” for use “in 
desitening structures. specific: values: forethese oround motion 
factors are contained in the response spectra verapns for each 
seismic zone (Technical Section pp. 65-70). Generalized 
eharaclerist res for each seismic. Zone are contained in 


Table / “of the, Technicals section. 


In summary, the following statements can be made regarding 


the seismic zones and secondary hazards within the study area: 


a. The seismic zones have Deen derived. fromatwo-pasicosets 
Of criteria: "(a)" distance trom the source of an 
earthquake; and (b) geographical differentiation of soil 
and bedrock Conditions. | Distance, 2zones «are expressed 
in arabic numerals and the differentiations between soil 
and bedrock have been expressed in alphabetical form. 
Tie combination On aduetancemzonem | ore) with & 
SO1l/bedrock zone (Ss or M)iconstitutes a particular 
Sous LC aaOner 

b. The seismic zone analysis is based upon the Hayward and 
San. Andreasufault ssystemssasethesprincipal -sougees .of 
strong shaking. 

ec. Soil and bedrock conditions within the study» area have 
been differentiated into two types as follows: 

Zone M Representative of areas underlain by Bay Mud. 


Zone S Representative of areas underlain by Merritt Sand. 
Ag) 


Ing@éneral forms tthe rlevels of ground shaking from the 


expected earthquakes will be most severe in areas underlain 


by Bay Mud (Zone M). The strong ground shaking will 
probably be accentuated by lurching and surface deform- 
ation typically associated with these types of poorly 
consolidated, weak soils. Ground shaking »invareasunder- 
lain by Merritt Sand (Zone S), while still expected to be 
severe, will be less intense than for areas underlain by 


Bay Mud. 


The potential for liquefaction and/or settlement exists 
throughout the City. A tsunami hazard is present in low- 


lying areas along the Bay as delineatedson Plate I. 


Fire Hazards 
potential. fire hazards discussed in the Technical Report 


limited primarily. vo residential Structures. 


Flood Hazards 


As indicated previously, flooding is not considered a signifi- 


cant public safety hazard, and as such, no attempt has been 


made to delineate flooding. 


De 


The 


RISK 


Council on Intergovernmental Relations (CIR) defines 


"Risk" from natural and man-made hazards in three categories: 


To heceptaule Hisk: The level of risk below which 
no spécific ‘action by government is deemed to 
be necessary. 


Unacceptable Risk: The level of risk above 


which specific action by government is deemed 
to be necessary to protect life and property. 


hg 


3). Stivoiidab le "RiswoTl wisk gibiiciwmmecainot vestaken 
becausevwindividual sor public seoals.can.~be ~achieved 
atesthe same, vor Vess, totaly cose ebyxoches means 
WLUROUC takince tne sri sk. 

Detérmining Levels of appropriate orvacceptablewrisk isa 
multi-disciplinary process which reliessheavily on citizen 
input’ “There is anotsuch thing asBaipertecrly ohazard=—ree 
environment. Natural and man-made hazards of some kind are 
always present, especially in urban areas. However, effective 
loss-reduction measures can be used in mitigating the conse- 
quences of known hazards. The determination of acceptable risk 
involves: making a judgment waboUterisk scithersexpiicit, orsim-— 
plicit, which is a necessary step in planning for loss- 


reduction from natural hazards. 


The central concept used in determining acceptable risk is the 
definition of naturale eventcrinyverms sor magnitude and» ire 
quency. The magnitude of an event refers to i¢S=SizZe..8 -Examples 
are the height of floodswaters;.therraving Omran earvhgquake,ion 
the Richter scale, or the number of acres burned in a wildland 
fire. The frequency of an event refers to the number of times 
it occurs during a certain period of time. The relationship 
between magnitude and frequency is normally inverse. That is, 
the less often an event oceurs, the greater its size and 
potential impact is® likely to be. For example, earthquakes 
occur frequently in Alameda, but most often they are of low 
magnitude and do not seriously threaten the City. However, 

on relatively infrequent occasions an earthquake of large 
magnitude will occur and may result in severe damage. A way 
of summarizing this concept with respect to an earthquake is 
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that theslongersitiwaits, tthe bigger it jwill jbe. With regard 
to risk, there is one important difference between flooding 
and earthquakes.) (Flooding ’is);the result of a ,random combin- 
ation of meteorological events, whereas current geologic 
theory indicates that the buildup of stress or strain along 

a particular, fault system,is more nearly eonstant 4 tTherefare, 
the periodic release of stress or strain im rthe atorm-ofnan 


earthquake is more apt to be regular. 


The magnitude-frequency concept is involved in the decisions 
regarding acceptable risk in that the community must judge 
what magnitude event should be planned for. That judgment is 
based on the frequency or recurrence interval of the hazardous 
event. A description of the magnitude and other character- 
istics of the event are then developed through a technical 
analysis. This information allows planners and engineers tO 
develop loss-reduction measures, and to design structures to 
provide protection up to the level of acceptable risk. In this 
sense, the magnitude earthquake or flood used in defining 
acceptable risk may be thought of as a "design earthquake" or 


"destenr£1Ood - 


The determination of acceptable risk from hazardous events 
also involves differentiating among man-made structures 
according to their potential effect on the Loss o1 life and 
their importance in terms of continued community functioning. 
In the hours immediately following the 1971 San Fernando 
earthquake in Southern California, emergency services were 


impaired by damage to police and fire stations, communication 


Des 


networks and utility lines. Several hospitals were seriously 
damaged and unable vor econtainue functvionings =“Theser facilities 
and -othersare vital Co the community s-ability tovrespond to 
amajor disaster and to minimize loss of life and property. 
The experience in San Fernando emphasized the need to provide 
these "critical facilities" a higher level of protection from 
earthquakes than limited or normal occupancy structures or 
Other non=crPLrtcical, SUructurcse As a-minimnum, ally structures 
which could have an effect on the loss of life should be 
designed to remain standing an the event ola major earthquake 
even if rendered useless. Critical facilities, on the other 
hand, should nov only remain standing, but Should be able to 
operate at an “acceptable evel of eificiency in the event of 

a disaster. The taxonomy of Critical Facilities presented in 
Table 1 is intended for use as a guide in evaluating the import- 
ance of each facility cto loverall public satety relative to a 


hazardous event such as a severe earthquake. 


Based on the discussion above and on input from the Planning 
Board Workshop, held on September 155°1975, the following 
seismic events are recommended as the basis for establishing 


earthquake design standards: 


14 


Approximate 


Recurrence 
Tnverval 
Use (Years) 

Non-Critical Facilities 
(residences, normally 
occupied Lactories.; 
etc.) 100 
Critical Pacimciles 
(hospitals, fire and 
police stations, schools, 
Masor Utilities, euc.) 70-100 


Magnitude 
(By Fault) 


Hayward San Andreas 


-- O15 


fia0 3 ao 


The risk of an earthquake on the San Andreas:fault is a 


special case because 70 years (1906 to 1976) of the recurrence 


interval have elapsed. ‘As a result, 


all structures shotld be 


considered in terms of an earthquake of magnitude 8.5 on the 


San Andreas fault. 
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TAXONOMY OF 


Land Use/Facility a) 


Poten 
Effec 


TABLE 1 
CRITICAL FACILITIES 


afety Characteristic Classification 


tial Emergency Vital Critical Normal 
t on Response Function 


Loss ef Life 


Developed Land > 
RESIDENTIAL 


Single Family 
Multi-family 

and Mobile homes 
Apartments 


COMMERCIAL 


Neighborhood 


“Centers (e.g., 


grocery, barber, 
drug store) 
Community 

Centers (e.g., 
private offices, 
banks, restau- 
rants, comparison 
shopping) 

Highway Centers 
(e.g., motels, 

fast food, restau- 
rants) 

Heavy Commercial/ 
Light Industry (e.g., 
contractors yards, 
distribution ware- 
houses, manufactur- 
ing and assembly 
plants) 

Heavy Industry 


PUBLIC AND SEMI- 
PUBLIC USES 


Hospitals 
Schools/Colleges X 
Parks and Recrea- 
tion Areas 
Government Facili- 
tiles (et pas clval 
defense quarters, 
fire and police 
stations, govern- 
ment offices) 
Utilities (e.g., 
power plants (nu- 
clear fossil fuel) 
gas and electric 
lines and stations, 
large dams, radio/ 
TV/microwave centers 
and lines, aqueducts, 
pipelines, sewage 
treatment facilities, 
gas stations, water- 
works) 

Roads and Highways 
Railroads 

Airports 

Assembly Halls (e.g., 
theaters, auditoriums) X 
Refuse Disposal Sites 
Cemeteries 


Undeveloped Land 


Agriculture 


x 

Xx 

X 

xX 

X 

xX 

os 

xX 
X X X 
X 

Xx 
X X X 
X X X 
xX X X 
X X 
X X 
X 

: X 

X 

X 
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Tile. § HAZARD. REDUCTION 

A. BUILDINGS 

ig Building Occupancy 

The type of occupancy is important in determining the level 
Of.aceeptabile risk, »i.e., the acceprable Plsknoel elaiLurecor 
loss of function for a building. Building occupancy may be 
divided into three separate components: number of occupants, 
function of the occupancy, and economic value. 

o The number of occupants is important in deter- 
Minine anvaccepraple risk level. Building occupied 
by two persons, 200 persons, oF 2,000 persons 
would generally not be classified within the 
same risk level. Where more lives are involved, 
more protection should be required. 

o The function of the occupancy, particularly when 
the function is vital to the safety and normal 
functioning of the community, has to be considered 
in determination of the acceptable risk level of a 
building. Collapse of a warehouse may be acceptable 
to a community, but the police or fire department 
should continue to PUCREION with the minimum of 
constraints after an earthquake. 

o The economic value of a structure is important to the 
community as well as its owner. Its loss will have 
an economic and social impact in the community in 


proportion with its economic Value. 


2. Magnitude of Earthquake Forces 
The impact of an earthquake force on a building 1s, related 


MS 


to Magnitude of the earthquake, ceolopi catechareacveristics 

of the region, distance to the earthquake epicenter. type of 
rock between the site and the epicenter and the type of soil 
below the siee. “These Lactors invrelation vo Alameda are ais— 
cussed in-che Technical Keport=, “We candor very Litole- woe chance 
these factors except to classify them and assign relative values, 


and then to develop appropriate building design critera. 


5. Uype Oi otructure 

Behavior Ol ast rucuure een earthquake is closely re- 
lated to the construction type of the building. Since different 
CONStrUCLION Maverials have -ditterecnt ductility and strength, 
they react to the ‘earthquake forces difierentiy. Tne shape 

ae geometry of a budildime aiso may shave considerable effect 

on the potential for damages ova particular buiidine during 

an earthquake. For example, a general discussion of typical 
building behavior for woods rane sunreiniorced, and reinforced 


masonry is as follows: 


o Wood frame buildings behave in a ductile manner during 
earthquakes. As a general statement, wood frame 
buildings are the most earthquake resistant type of 
common, construction: oer ane; faire, prone, 
and in some large earthquakes, the wood-frame build- 
ings have survived the earthquake but have been 


destroyed) by the post-earthquake fa ress 
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6 Unreinforced masonry structures have little 
resistance to earthquake shaking. They are 
brittle end in small earthquakes, they erack 5 
in stronger quakes, they generally collapse. 

o Reinforced masonry buildings, when properly 
designed and constructed are more earthquake 
resistant than unreinforced structures. How- 
ever, they ane also relatively brittle and in 
strong quakes they may crack or collapse. 

o,. .pehavior Ol.reinforced concrete buildings during 
earthquakes is largely dependent on the design 
of the structure. 

o Structural steel frame buildings are the most 
ductile struccures Of e.l.the three vypes men— 
tioned immediately above. During an earthquake, 
they may deform, but they can generally withstand 


more intense shaking without collapse. 


4. Unreinforced Masonry Buildings 

Unreinforced masonry buildings are structures which have load 
carrying walls built without reinforcing steel... The Riley Acu, 
adopted in 1933 by the California State Legislature has 
effectively prohibited the construction of Unie by pe OL 


building. 


The earthguake resistance of unreinforced masonry Dud ld nes 
is about nil. Experience in Southern California, as well as 
with earthquakes elsewhere in the world, has shown that unrein- 


forced masonry buildings collapse suddenly during earthquakes. 


i 


In California earthquakes, many casualties have resulted: from 
the collapsesof Ammeiniovreed =masconryapurldings ini the Pebruary, 
1971 San Fernando earthquake, when 68 people died, forty-nine or 
85% lost their lives in unreinforced masonry buildings that 


COlbLepsed: 


A number of government agencies and a number of professional 
groups have investigated the problem of unreinforced masonry 
structures. Technical findines of all of these investigations 
can be summarized simply as: "Unreinforced masonry structures 
are unsafe, and they present tan unaccepvabie Level of risk 

to the community. However, economic and social aspects of the 


problems are complex." 


In the past, Building Department policy Wed erespectseco: Tiese 
structures in Alameda has been to allow existing occupancies 

to continue undisturbeds, ~Presenvly, pin the City, there is no 
program for repair or condemnation of unreinforced masonry 
structures; nor is there a program designed to provide warning of 
the hazard to the people entering, residing or leasing these 


unsafe structures. 


Structural inspecul onmotsDounp ei a caieand non-critical buildings 
is. Emportant bosetne implemencavion Ol this General Plan, Blement. 


Table 2 summarizes recommended structural inspection priorities. 
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TABLE 2 


STRUCTURAL INSPECTION SEQUENCE MATRIX 


Pre-1933 
Pacilicy ype Riley Act 
Buildings 
Pinas ot costa 
ne 


Those buildings with the highest priority should be considered for 


alvers 1953. 
before 1961 


After 1961 UBC 


inspection before those of intermediate or low ranking. 


B. ECONOMIC & SOCIAL & POLITICAL IMPLICATIONS 


Any proposal to require the upgrading, modification, or elim- 
ination of a structure affects the owners and occupants of the 
structures in a very direct economic way. Usually, the entire 
cost of building improvement must be borne by the owner. The 
cost of improvments must in turn be passed on to the users of 


such facilities. 


Old buildings, in particular, may house marginal businesses 
where a substantial rent increase may mean the operation is 
no longer profitable. In the case of residential buildings, 


social problems often result when low and/for fixed income 


ab 


persons are displaced, either as a result of «the building 
being tern down or as a vesult of inereasederents necessi- 
tated by bullding vehabilicaulon. = tere, ts some acy SO Une: Oni 
to the problem of the social and economic impacts Whi chere— 
sult from a city's determination that, in the interest of 
public safety, all buildings shall conform to minimum seis- 
mic standards. The problem is particularly acute if the 
building in question is of unreinforced masonry GOnStruct1on, 
because the cost of the structural improvements required to 
make such buildings conform to current seismic standards 


sometimes necessitates an investment that is greater than 


the value of the bul lading. 


For the community of Alameda, the problem of unreinforced 
masonry construction has two facets. First, the buildings 
represent a real hazard to the general public. A majority 
Of the buildings are smecated in wie Park Serect area or the 
City, and house retail stores with intensive DUDLLe. use. 

A major quake in the daytime or early evening hours would 
undoubtedly result in a substantial loss of life. Second, 
the retail activities that operate in such buildings con- 
tribute directly to the City's revenues through property 
taxes and the generation of sales taxes. Destruction of 
these buildings bya major quake would cause a substantial 
Tosc#ot taxorevenuestto shenci tye (On themotherm nand. even 
the gradual elimination of these buildings through a City 


code enforcement program could have a serious economic 


ee 


impact on revenues, because retail shopping areas require a 


Mmix’ OF Uses LO LUNCUTIONVwerrectivery. 


Gradual replacement or rehabilitation of unreinforced masonry 
buildings in the Park Street area may-be possible, but the pro- 
gram must be devised very carefully to minimize the economic 


impact On¥YCIiCyarevenues, 


Finally, it should be noted that programs which require major 
building upgrading or reconstruction may be very unpopular 
even in the face of overwhelming evidence that the buildings 
are unsafe. However, a program which offers some options tO 
the property owner may be more palatable, and will enable 

the City torvassure thay vne public is reasonably protected 


in the event of a moderate or greater magnitude earthquake. 


CG. UTILITIES PUBLIC PAC DEITIES 

Damage to utility systems as the result of an earthquake is 
of two primary types. First, buildings and structures 
housing components of the system, and equipment contained 
within the building essential to the functioning Olmne 
system, may be damaged as a result of earth shaking. 
Generally, the problem of damage to Utility isystem build 
ings, electrical substations, etc., iS Ol frearver concern, 
because a loss of service to a very widespread area may 


occur. Repair may involve considerable time and effort. 
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Pubdee faciligiesl: Particularly those important in the 
aLtermath of van earthquake, should be designed to with- 


Stand the anticipated ground Shaking. 


D. GOAL RECOMMENDATIONS 


To plan effectively for reducing hazards to acceptable 

LEV CS Oly asl ois necessary that goals be set and ad- 
hered to. Goals address general policy directions which 
form the basis for planning decisions and actions. The 
recommended goals for hazard reduction in the City of Ala- 


meda are: 


1. To minimize injury and the loss of life 
from major seismic events. 


2. To minimize damage to Publie and private 
PPOPERLY. 


3. To minimize social and economic Gis toca— 
tions. 


4. To aid in the restoration of Dubs ceser— 


vices to citizens to provide for an early 
Feturnete sanormalw Leve leo. aC CiVviuy. 


The technical and planning recommendations of the next two 
sections complement the planning goals and define specifie 
directions for ‘the City to take in reducing Natural haz 


ards 


E. POLICY RECOMMENDATIONS 


The following recommended policies complement the planning 


goals and define specific directions for the City to take in 
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reducing natural hazards. 


1.0 Adopt new ordinances and amend existing ordin- 
ances which require the incorporation of seis- 
mic safety and safety considerations in develop- 


ments under the City's jurisdiction. 


2.0 Provide for the identification and evaluation 


of existing wstructural, hazards. 


3.0 Risks associated with hazardous structures 
should be reduced to acceptable levels through 


orderly hazard reduction programs. 


li-G-—ReriniabenraneatisCounmoreas-Ox Ssionvescanys natvu- 


Praiehazards: 


5.0 Provide for the education of the community re- 
garding the nature and extent of natural haz- 


ards in the study area. 


6.0 Provide for the maintenance and upgrading of 


disaster response plans. 
7.0 Provide for review and updating of the Seismic 
Safety and Safety Elements. 
F. IMPLEMENTATION RECOMMENDATIONS 


The implementation recommendations in this section are intended 


to provide the City with a series of specific planning actions _ 
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to achieve the goals of these Elements and carry out the 


policies recommended above. While it would be advisable to 


fully implement each of the recommended actions, it is rec-— 


ognized that unlimited resources to that end are not avail- 


able. These recommended actions should be thought of, then, 


as options to be implemented as resources provide. To aid 


in determining priorities for the allocation of resources in 


the community, the recommended policies and actions are listed 


below in their general order of importance to achieving the 


goals of these Elements. 


1.0 Adopt new ordinances and amend existing ordinances which 
require the incorporation of seismic safety and safety 
consideration in developments under the City's juris- 
Ciction 


2 ee cai 


aliete 


bras. 


Adopt the most recent (1976) Uniform Building Code. 


The geological data provided in the Seismic Safety 
Element should be made available to developers in 

the City to utili zesin constructing wiem buildings 

for maximum earthquake safety. 


Consideration should be given to separate code 
revisions for existing buildings versus new build- 
ings, with the provisions for existing structures 
taking Iimtovaccount» ther overall risk factor, 


2.0 Provide for the identification and evaluation of exist— 
incvetructural, hazards 


fie Ak 


It is recommended that.structures within the City 
be inspected for conformance with the amended Uni- 
form Building Code earthquake regulations. In- 
spections should be conducted according to the 
following pricrivies: 
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Gy i tothertcritieaimraciiitiesnGetg. vschools, 
utility lines, government buildings) 


(c) normal or limited occupancy non-critical 
fachlities Cotfices, low density resident— 
ial buildings) 


Within each priority group, it is recommended that 
facilities built before 1933 be inspected first, 
then those built between 1933 and 1961, and lastly, 
those constructed after 1961. The significance of 
the year 1933 is that the Field and Riley Acts be- 
came law in California that year and required re- 
inforcement in schools and certain other structures 
(Appendix C). Structures built before '1933, es- 
pecially larger commercial structures, are more 
likely to be unreinforced masonry block buildings 
which are most susceptible to collapse in earth- 
quakes. In 1948, earthquake regulations were 
adopted as a legally binding section of the UBC 
for the first time. Previously, earthquake stand- 
ards were set forth in the Appendix of the UBC and 
were not a mandated part of the Code. It is more 
likely, then, that a building constructed before 
1948 would be less able to withstand the shock of 
an earthquake than one built after 1948. It is 
also recommended that public structures be in- 
spected before private structures. 


Table 3 (abridged from Pacific Fire Rating Bureau, 
presently named Insurance Services Office), may 
also be used as a general indicator in older con- 
struction for use in establishing a priority rank- 
ing system for evaluating structures. Buildings 
with a high susceptibility to damage (rating five 
or over) should be selected for structural inspec- 
tion before those with low ratings. A high pri- 
ority should be placed on establishing a definition 
of facilities that handle explosive, flammable, or 
toxic materials and on an evaluation of their seis- 
mic vulnerability. 


An alternative method for evaluating and abating 
the structural hazards of existing buildings is the 
program developed by Professor Bresler of the Uni- 
versity of California at Berkeley for the Applied 
Technology Council. 


Caltrans and Alameda County, which are the agen- 
cies responsible for the main tubes and bridges 


ey 


AB EE: oe 
HAZARD COMPARISON OF NON-EARTHQUAKE-RESISTIVE BUILDINGS 


| Relative Damagability 


Simplified Description (in order of increasing 
of Structural Type susceptibility to damage) 
| Small wood-frame structures, i.e. | i 


dwellings not) over 3,000 sq. ft. 
and not over 3 stories 


Single or multistory steel—frame See 
buiddinges) with concrete exterior 
walls, concrete floors, and con- 
| erete roof. Moderate wall open- 
ings 


Single or multistory reinforced- 2 
“concrete buildings with concrete 

exterior walls, concrete walls, 

and concrete roof. Moderate 

wall openings 


Large area wood-frame buildings BLO. 4 
‘and other wood frame buildings 


Singie or multistony stecl-—trame h 
ouildings with unreinforced masonry 

exterior wall panels; concrete 

floors and concrete roof 


Single or multistory reintorced— 5 
concrete frame buildings with un- 

reinforced masonry exterior wall 

panels, concrete floors and con- 

crete roof 


Reinforced concrete bearing walls 5 
with supported floors and roof of 
any material (usually wood) 


Buildings with unreinforced brick 7 up 
masonry having sand-line mortar; 

and with supported floors and roof 

of any material (usually wood) 


Bearing walls of unreinforced adobe, Collapse hazard 
unreinforced hollow concrete block, in moderate 
or unreinforced hollow clay tile shocks 


This table is intended for buildings not containing earthquake 
bracing, and in generaljeis applicable to most older construction. 
Unfavorable foundation conditions and/or dangerous roof tanks can 
increase the earthquake hazard greatly. 
PED PN ae tO i ee ee 
as 
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2.4 


into and within Alameda, should review these 
facilities-to determine the potential impact 
of expected earthquakes, and should report 
theta padimes +bo -GhesCaty. 


The Bureau of \Elheetricrty should review its 
distributronsandssubpstation facilities .to 
determine the potential impact of expected 
earthquakes, and should forward comments to 
the City webacinie;Gasland Electric should 
ALSO ubevViCwewtbhss Cas. lines for potential fire 
hazards. 


The Alameda Fire Department should continue 
and/or expand its. fire hazard inspection 
program for structures within its jurisdic- 
TYLON. 


Riskspassociated: with hazardous structures should be 
reduced to acceptable levels through orderly hazard 
reduction programs 


Reed. 


Structures identified as hazardous in terms 

of fire and earthquake damage should be 

brought into Conformance with acceptable levels 
of risk by programs including, but not limited 
Cone Saructuradsrehabitatatton,. occupancy re— 
duction, and demolition and reconstruction. 


Ther Gityashould advocate.cthe expansion of 
State and Federal relocation assistance funds 
and programs to aid persons and businesses 
displaced from hazardous buildings. 


Provide for more detailed scientific analyses of natu- 
ral ‘hazards in. the study area 


det 


Require site-by-site soils and geologic engi- 
necbingsstudies=10r-DOlehnitaleliquefaction 
and settlement and evaluate these potential 
hazards using the ground shaking parameters 
presented in the Technical Report. 


Institute a building strong-motion instru- 
mentation program for buildings over four (4) 
SUOrLes el Pein. 22 SUCH UU ai nos rare 
anticipated. 


29 


<0 


a0) 


a0 


3° As apart of the site analysis for new developments 
atone the BStuaryes the wpoveniviabe ors lope Tai lure, 
and the possibility of mitigating measures, should 
be investigated. 


Regulate land use and building in areas of significant 
natural hazard 


5.1 No new structure should be permitted unless it 
conforms to the recommended revised Uniform 
Building Code Earthquake Regulations. 


5.2 No critical facilities should be permitted with-— 
out requiring a detailed site investigation which 
addresses the potentials for liquefaction and 
settlement. 


Bas NOMCELELCaas Lacwlitles Should bes ocated in low 
lying coastal and inland: portions of the. study 
area subject to potential tsunami hazards. 


Provide for the education of the community regarding the 
nature and extent ol navurael nazards=invtne study area 


6.1 Develop an information release program to familiarize 
the citizens of Alameda with the Seismic Safety and 
Safety Elements. Special attention should be 
afforded to those groups particularly susceptible to 
seismic and fire hazards, including but not limited 
GO, "ScnoClLidtovricrs, esencres involveds With the 
aged, and agencies involved with handicapped persons. 
These agencies should be encouraged to develop edu- 
Catrzonal programs of thelr own relative to hazard 
awareness. The conclusions and recommendations of 
these elements should also be provided to land 
developers and those involved in the real estate 
profession. ~ Appendix B provides a list’ of earthquake 
safety procedures. 


6.2 Initiate education programs in lower grades using 
displays and demonstrations that would expose 
younger children to the nature and strength of 
fire. Psucheprograms would tend to replace their 
Nacura CUrtOsil ly with a Sense Or respect. 


Provide for the maintenance and upgrading of disaster response 
plans 


lyin OMeintainy andisaster Tesponse program for ecthe City 
of Alamedas SObjectives off the program should be 
prepared in accordance with State and Federal 
regulations. 
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otal 


(4 bes iPouwsave. laves, and-protect property. 

(D)eeloOr Drovideyeambects Tor direct Lor and 
control of emergency operations. 

(ec) To provide for the continuity of government. 

(d) To repair and restore essential systems and 
services (e.g., emergency water supplies). 

(6) Jo onovidenwtior tne provects on, vse, and 
QiStripublon Ofpremaining resources. 

(fio coordinate operations with the civil 
defense emergency operations or other 
JUPPSCLCULONS.. 

(ey i To provide tor .e maximum degree of selt— 
Sintec #enCcy Dy whe wCltive In whe events oF, 
a majorm-disaster. 


Since a large earthquake will severely affect many 
GitLLes ang Nundreds Of thousand, of people. the 
efforts of the Federal and State emergency services 
will be severely over-extended. It is advisable 
that the City.of Alameda be prepared to serve itself 
and maintain, continued functioning of necessary 
services rather than expect adequate aid from out- 
Sider orgenizavions although it 1s recognized tna a 
major federal installation in Alameda (NAS Alameda) 
could provide substantial assistance to the City 

in the case of an earthquake emergency. : 


Conduct periodic earthquake, tsunami and fire 
emergency drills. These drills should be 
coordinated on a regional basis in cooperation 
With all involved Wurisdicvions. 


The Wity, snould examine its System for provision 
of water supply for fire-fighting purposes during 
and aitervan earthquake. If the system is sus— 
ceptible to seismic damage, emergency back-up 
systems should be investigated. 


Provide for review and updating of the Seismic Safety and 
Safety Elements 


The Seismic Safety and Safety Elements should be 
reviewed by the City Planning Department annually 
and should be comprehensively revised every five 
years or whenever substantially new scientific 
evidence becomes available. 
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IV. RELATIONSHIPS TO OTHER GENERAL PLAN ELEMENTS 

The Seismic Safety and Safety Elements are the major natural 
hazards analyses in the General Plan and, as such, have 
important policy implications for other elements in the Plan. 
In particular, the Seismic Safety and Safety Elements provide 
significant information for the Land Use, Housing and 
Circulation Elements. It is recommended that these Elements 
be prepared or revised to give specific recognition to the 


policies adopted in the Seismic Safety and Safety Element. 


The Land Use Element will be influenced most directly by the 
recommendations of Policy 5.0 to regulate land use in areas 

of significant natural hazards. The Land Use Element may 

also recommend land use controls for those areas in which 
"stacking" or combinations of individual hazard zones result 
im, 2 highs leveleor overall hazard. Figure 2 shows the effects 


of "“etackinge" on various land uses: 


The policies of these Elements provide IM puULe loathe snousing 
Element primarily by recommending design and construction 
modifications. The following recommendations pertain directly 
to the Housing Element: 
1. All new construction should conform to the 
revised Uniform Building Code Earthquake 
Regulatians. 
2. Existing high occupancy residential 
structures found to be seismically vulnerable 
should be strengthened or replaced or their 
occupancy level should be reduced. 


The Circulation Element should recognize that the transportation 


network connecting to Alameda could be seriously affected in the 


Sree 


cE 


CRITICAL PAC IETULES 


NON-CRITICAL 


BUILDING TYPE/LAND USE 


Power Plants, Civil Defense Headquarters, 
Hospitals, Fire Stations, Ambulance 
Services, Life Line Systems for Gas, 
Electric, Water, Telephone, Emergency 
Broadcast Systems. 


Heavy Industrial, Office Buildings, 
Commercial Centers, Hotels and Motels, 
Banks and Financial Establishments, 
Residential Housing, Service Stations, 
Health Care Clinics, Light Industrial, 
Warehousing and Storage, Parks, Refuse 


a 


By 


Schools, Theaters, Auditoriums, Police 
Stations, Utility Substations, Sewage 
Treatement Plants, Waterworks, Local Gas 
and Electric Lines, Major Highways, 
Bridges, Tunnels, Aqueducts, Pipe Lines, 
Public Service Facilities, Public Assembly- 
Capacity of 100 or more. 


SETSMIC, 


Disposal Sites 


FIGURE 2 


Explanation 


is) Generally suitable for development 


i/ 


Notes: 


confirmed by further investigation. 


Ground shaking zones 


2/ 


This figure is for General Planning purposes only. 


LIQUEFACTION AND TSUNAMI 
HAZARD ZONES 


(Z) Suitable for development with 
study/hazard mitigation 


Liquefaction potential zone (all of City) 


(SHOWN ON PLATE 


Generally unsuitable for 


development without appropriate 
mitigation measures 


3/ 


Tsunami Hazard Zone 


Suitability for specific uses and sites must be 


An area evaluated as generally unsuitable for a particular use does not 


necessarily preclude the use, if no other suitable alternative sites are available and all potential 
hazards can be mitigated. 


event of a major earthquake. An earthquake will impact primar- 
ily water crossings. Therefore the greatest potential danger 
in Alameda is to the bridges and tunnels which provide the 
City's connecting links with the rest of the region. Damage 

Of pene Tacilivies coulmgarfect receipteor critical gaeods and 
services. New construction of bridges, overpasses, and other 
grade crossings should also utilize seismic response design 


Criteria. 
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APPENDIX A 


Glossary of Terms 


tiers 4.ar  -Ee redias si im it 


OF ES Que hd le ea a a¢iees.> ae 

(79! \=)> 6 Oe Nae briGieutse Genveeests, © =e . 
acy arace: gn eheee ales. ar! ink Qebbeila . ; 

ov200@) & APES va 


efigsTJ= ¢xs255i0 


Aetive \Rau LG a= Ones hat «has bnoved cin recent .ceologic time “and 
Whit sho wi Wweky BLO sMNOVie Laceinvim sie, relatively viear 
hutupes, Derip rious Lor —plannime purposes “extend 
on the ordér of 10,000 years or more back and 100 
years or more forward. 


AtViuviel —gPenraining to ‘or wonposed,.of alluvium, or deposited 
by a stream or running water. (AGI, 1972) 


Alluvium -—- A general term for clay, silt, sand, gravel.or 
similar unconsolidated detrital material deposited 
during Scomnparatively mecent igeologic. time by a rstream 
or ;oUner body oO GVunning watlerm.as.aysorted or semi- 
sontec sediment “in tthe bedjot ithesstream or “on its 
LOO. Die 1 MOr mie. at 2 VOR Ne ow Come Tor hfan at ne “base 
of a mountain slope. (AGI, 1972) 


Amplification - Elaboration; augmentation; addition (Webster). 
As wsed. herein snear-suriace:amplidaeavion is the 
augmentation of wave amplitude resulting from the 
change in physical properties in near-surface layers 
(see Introduction). 


Amplitude = WTre extent, 01 ene swine of @ vibrating body on each 
side of the mean position. (Webster) 


Block Glide laws trarislationa lb Wwandsilide ny which theitslide mass 
remains essentially intact, moving outward and down- 
Ward. asia unit. (most often along ‘a pre-existing plane 
OLtweakness yuch as bedding, foliation; joints, faults, 
epoarnCAGravigy.2y 


Cohesion -'Shear strength in la “sediment. not related to interpar-— 
tao vee Trin Olas, pO) 


Colluvium - (a) A general term applied to any loose, heterogen- 
ous yMVandeinconerenc amass, «Oh (soi, materia or rock 
fragments deposited chiefly by mass-wastins, usually 
at the base of a steep slope or cliff. (b) Alluvium 
denostnedaby anconcenLraved.surface,runoff or sheet 
erosion, usuallwrats therbase Of.asslope. (AGI, 1972) 


Compact Lon, =wiReductiion Tnebulkeyowume ormthickness:iot, or the 
pore space within, a body of fine-grained sediments 
in response to the increasing weight of overlying 
materia L ithatyisicontinusdiy beane. deposited, or’ to 
the pressure resulting from earth movements within 
thevcrust) Iti is expressed as a decrease in poro- 
Siovubroucht aboub by a tighnber packings ole thessedi— 
Menteparoreles.. (AGi. LO/ 2) 


Consolidated Material - Soil or rocks that have become firm as 
avreswiLt of! compacbicn. 


Critical Damping - Damping to the point at which the displaced 
mass just returns to its original position without 
Sscilistion. CAGL, 1972). 


Danping:— “ihe resistance vo vibration that “causes 4 "decay -of 
MGOULOn witietine Or distance, C.e. che diminishing 
amo lLMeudevrot. an oscerliariom.) CAGT. 9972.) 


Differential Settlement - Nonuniform settlement; the uneven 
lowering of different parts of an engineering struc- 
ture, often resulting im damage tTo the “structure. 
CAG ye Oe) 


Displacement (Geological) - The relative movement of the two 
Sides "OL a Tault, measured In any cose dlrecuion; 
also, tne Specilic amounc of such movement. Dis 
placement invan apparently Lateral direction includes 
strike-slip and strike separation; displacement in 
an apparently vertical direction includes dip-slip 
and Gip separation. CAG Ps r972) 


Displacement (Engineering) - The geometrical relation between 
the position of a moving object at any time and its 
original position. (Webster) 


Epleenver — That point “om the Hartn'’s surface which is directly 
above the focus of an earthquake. (AGI, 1972) 


Fault - A surface or zone of rock fracture along which there 
has been displacement, from a few centimeters to a 
few kilometers in scale. (AGI, 1972) 


Fault Surface -— In a fault, the surface along which displacement 
has occurred. (AGI, 1972) 


Hault System = Two (or more interconnecting fault sets. CAG], -1972) 


Fault Zone -— A fault zone is expressed as a zone of numerous small 
fractures or by breceia or fault, gouge. A fault zone 
may be as wide as hundreds of meters. (AGI, 1972) 


Focus (Seism) - That point within the Earth which is the center 
of an earthquake and the origin of its elastic waves. 
Syn: hypocenter; seismic focus; centrum (see Intro- 
duet Lon. VAGI bore) 


Ground Response —- A general term referring to the response of 
earth materials to the passage of earthquake vibration. 
It may be expressed in general terms (maximum accel- 
eration, dominant period, etc.), or as a ground-motion 
spectrum. 


Hypocenter - See focus. 


Intensity (earthquake) »-'A measure of the effects of an earth- 
quake at a particular place on human and/or struc- 
tuces oe The Mintensivysatya poinvedepends not, only 
upor the *streneth of thervéarthquake, or the earth- 
quake magnitude, but also upon the distance from 
the point to the epicenter and the local geology 
atncneepointtis(AGn, 1972) 


TsOseismalw fines] WAwbine connecting poinus onethel Earth's jsur— 
face at which earthquake intensity is the same. It 
is usually a closed curve around the epicenter. Syn: 
isoseism; isoseismic line; isoseismal. (AGI, 1972) 


Liquéfactton’— Avsudden “large decrease in the ‘shearing resis- 
tances ofya cohéstonless soil s’caused-by, a collapse 
of the structure by shock or strain, and associated 
Wien. alesudden but temporary “Incréase of the pore 
fiuid pressure. (AGI, 1972) 


Macroseismic data - Used herein to describe instrumentally 
recorded earthquakes generally in the range of Rich- 
terymagmicudeese0nor ‘more ./°CTATs use) differs from 
ChecAGT definition of “macroséismic observations"). 


Magnitude (earthquake) - A measure of the strength of an earth- 
quake or “the strain energy released by it, as deter- 
mined by seismographic observations. As defined by 
Richter ~-it Gis“the Vogarithm Pf to the base 10, of the 
amplitude @in*mverons of “the largest trade deflection 
that would be observed on a standard torsion seismo- 
graoh (static magnification = 2800; period = 6.8 sec; 
damping Constant ="0 70) ativa «iistance ‘of 100 Kilo- 
meters from the epicenter. (AGI, 1972) 


Microseismic data - Used herein to describe instrumentally re- 
corded earthquakes generally in the range of Richter 
magnitude 320 or-vless? (This use Sis “consistent: with 
the AGI definition of microseism and microseismometer, 
but is more restricted than their definition of micro- 
seismic data). 

Natural period - The period at which maximum response of a sys- 
tem occurs. The inverse of resonant frequency. 


Normal fault - A fault in which the hanging wall appears to have 
moved downward relative to the footwall. The angle of 
the fault is usually 45-90 degrees. This is dip- 
separation, but there may or may not be dip-slip. CAGES 
1972) 


“Predominant period - The period of the acceleration, velocity or 
displacement which predominates in a complex vibratory 
motion. In the analysis of earthquake vibrations, pre- 
dominant period is normally the period of the maximum 
amplitude of the acceleration spectrum. 


Response spectrum - An array of the response characteristics of 
a structure or structures ordered according to period 
or frequency... The structures, are normally single- 
degree-of-freedom oscillators, and the characteristics 
may be displacement, velocity or acceleration (see 
Introduce one 


Seiche — All standing waves on any body of water whose period 
iis determined by resonant, characteristics of the con- 
taining basin as controlled by its physical dimensions. 
(U.S. Geol. Survey Prof. Paper 544-E) 


Sevemic:selche — Stending waves, sev sup -oOm rivers, reservoirs, 
ponds and lakes at the time of passage of seismic 
waves from an earthquake. (U.S. Geol. Survey Prof. 
Paper 544-5) 


Shear - A strain resulting from stresses that cause or tend to 
Cause) Contiguous martes fof a ubody (to slide relatively 
fo cach others 2 Cirecuion mpeareaticl to their plane 
of contact; aspecifically, the -ratiovof the relative 
displacement of these parts to the distance between 
them. (2G. 13%) 


Shear wave or S-wave - That type of seismic body wave which is 
propagated by a shearing motion of material so that 
there 1s osc elavion perpendicular to the direction 
Of epropacacvuome elt doses notetravelathrough liquids. 
CAG Tins 215972) 


Slip On asia aver ecuual: welapive displacement along the 
fault wane Of bwo formerly -edjacent; points on either 
Side Om therm aulue oLlp 1s whree dimensional, whereas 
separation is two dimensional. (AGI, 1972) 


Strike-sidip faulty = haut. the actualymovement of which is par- 
a iileletostnemscn em Ctrend)formtheshault. CAGI, 1972) 


Subsidence - A local mass movement that involves principally the 
gradual downward settling or sinking of the solid 
Barth's surface with little or no horizontal motion 
and that does not occur along a free surface (not 
the result of a landslide or failure of a slope. (AGI, 


Ane) , 


Tectonic -— Of or pertaining to the forces involved in, or the 
resUlPineestructumes Ong! cauures Ofethe upper part em ® 
the Earth's crust. (mod. from AGI, 1972) 


Tsunami - A gravitational sea wave produced by any large-scale, 
short—duration disturbance of the ocean floor, prin- 
Cipally by a shallow submarine earthquake, but also 
by ‘submarine earth movement, subsidence, or volcanic 
GrupuLon, Characterized by greav speed of propagation 
(up to 1950 kn/7hr). lone wavelength (up to 200 dm.), 
long period (5 min. to a few hours, generally 10 - 

60 min.), and low observable amplitude on the open 
sea, although it may pile up to great heights (30 

m. or more) and cause considerable damage on entering 
shallow ater along an exposed coast, often thousands 
of kilometers from the source. (AGI, 1972) 


Unconsolidated material - A sediment that is loosely arranged 
or unstratified? or~whose particles are not cemented 
TOCerNerewOCccCUrrInew er Lner atthe surtace or at depth, 
(AGES 1972) 


Water table - The surface between the gone of saturation and 
the zone of aeration; that surface of a body of un- 
confined ground water at which the pressure is equal 
to that of the atmosphere. (AGI, 1972) 
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Earthquake Safety Procedures 
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EARTHQUAKE SAFETY PROCEDURES 


Before an Earthquake 


Le Potentian ‘carthquake hazards in the home should be 
removed or corrected. Top-heavy objects and furniture, such 
as bookcases and storage cabinets, should be fastened to the 
wall and the largest and heaviest objects placed on lower 
shelves. Water heaters and other appliances should be firmly 
bolted down, and flexible connections should be used whenever 
possible. 


2.9 Supplies.ot foodsand water, flashlight, a first-aid 
kit, and a battery-powered radio should be set aside for use 
in emergencies. Of course, this is advisable for other types 
of emergencies, as well as for earthquakes. 


3. One or more members of the family should have a know- 
ledge of first aid procedures because medical facilities nearly 
always are overloaded during an emergency or disaster, or may 
themselves be damaged beyond use. 


4, All responsible family members should know what to do 
to avoid injury and panic. They should know how to turn Oni 
the elctricity, water, and gas; they should know the locations 
of the main switch and valves. This is particularly important 
for teenagers who are likely to be alone with smaller ehildren: 


Sh. it ts most. important, for a. resident. of Caniict.o rid on sO 
be aware that this is "earthquake country" and that earthquakes 
are most likely to occur again where they have occurred before. 
Building codes that require earthquake-resistant construction 
should be vigorously supported and, when enacted into law, 
should be rigorouslyientorced... [iveffective building codes 
and grading ordinances do not exist in your community, support 
their enactment. 


During An Earthquake 


1. The most important thing to do during an earthquake is 
to remain calm. If you can do so, you are less likely to be 
injured. If you are calm, those around you will have a greater 
tendency to stay calm, too. Make no moves or take no action 
without thinking about the possible consequences. Motion 
during an earthquake is not constant; commonly, there are a 
few seconds between tremors. 


Self you are’ ianside™a buildings stand inva strong doorway 
or get under a desk, table, or bed. Watch for falling plaster, 
bricks, light fixtures, and other objects. Stay away from tall 
furniture, such as china cabinets, bookcases, and shelves. Stay 
away from windows, mirrors, and chimneys. In Tat wualaanes:. 
it is best to get under a desk if it is securely fastened to 
the floor, and to stay away from windows or glass Dabvne Pons 


3. Do not rush outside. Stairways and exits may be broken 
or may become jammed with people. Power for elevators and es- 
calators may have failed. Many of the 115 persons who perished 
in Long Beach and Compton in 1933 ran outside only to be Verne were! 
by falling debris and collapsing chimneys. hie yourare in 2 
crowded place such as a theater, athletic Stadiums or store, 
do not rush for an exit because many others will do the same 
thing. If you must leave a building, choose your exit with 
care and, when going out, take care to avoid faking «debris 
and collapsing walls or chimneys. 


4, If you are outside when an earthquake strikes, try to 
stay away from high buildings, walls, power poles, lamp posts, 
OVsolher suerucuurecetiavantay f218e —ratiineror tallem electri- 
cal power lines must be avoided. If possible, go to an open 
area away from all hazards but do not run through the streets. 
If you are in an automobile, stop in the safest possible place, 
which, of course, would be an open area, and remain in the car. 


After An Earthquake 


1. After an earthquake, the most important thing to do is 
to check for injuries. in your family and in the neighborhood. 
Seriously injured persons should not be moved unless they are 
in tmmediate dancer oberurnther anjgury. SFirse aidatshould be 
administered, but only by someone who is qualified. 

2. “Check for tires: ana tire hazards. 1f damage has been 
severe, water lines to hydrants, telephone lines, and fire 
alarm systems may have been broken; contacting the fire depart- 
ment may be difficult, © come cities, "such as San Prancisco, 
have auxiliary water systems and large cisterns in addition to 
the regular system that supplies water to fire hydrants. sSwim- 
ming pools, creeks, lakes, and fish ponds are possible emergency 
sources Of Water Lora ite: 1 envane. 


8. Utility, lines@tonyour house, — sac emwaver sandvelectri— 
City = and appliencesschould De Checked soridamage. off Chere 
are gas leaks, Shutoff tne main valvelwhichescrucually at the 
gas meter.  DoOsnot Use marches, elighters, or open-Plame appli- 
ances, Until you are surestnicre ave no gas leaks = Do not use 
electrical switches or appliances if there are gas leaks, be- 
cause they give off sparks which could ignite the gas. Shut 
Off the electrical power 1i uieme-1c damace to, the wiring; the 
Main Switch usually Tsim or mext to Che main fuse or circuit 
breaker box. Spilled flammable fluids, medicines, drugs, and 
other harmful substances should be cleaned up as soon as possi- 
ble. 


4, Water lines may be damaged to such an extent that the 
water may be off. Emergency drinking water can be obtained 
from. water heaters,, voller tanks, canned fruits andy vegetables, 
and melted ice cubes.» lollets sroutd not be flushed until both 
the incoming water lines and outgoing sewerlines have been 


Checked vOrsee Tf they are wopen. .1f electrical power is off 

POrecniy eno te Cl vime poled Cor use: the foods jin your retrig— 
erator and freezer first before they are spoiled. Canned and 
dried foods should be. saved until last. 


ba There may be much ishartered. glass and other debris in 
the area, So, it is advisable to wear shoes or boots and a hard 
hat ai you ew one., Broken e@lass may get into foods and drinks. 
Prquids, Cane pe ser tNetwsrrarned Chrougm a clean cloth such as 74 
heandkerchier or decanter =) Fireplaces. portable stoves, or bar= 
becues Can De Used Tor emerpency cooking but the fireplace chim-— 
ney should be carefully checked for cracks and other damages 
before being used. In checking the chimney for damage, it 
should be approached cautiously, because weakened chimneys may 
Cosa 0se With tne sltenlvess OL altversnocks.. Particular cheeks 
should be made of the roof line and in the attic because unno- 
ticed damage can lead to a fire. Closets and other storage areas 
should be checked for objects that have been dislodged or have 
fallen, but thesdoors) shouldbe opened carefully because of ob- 
jects that may have fallen against them. 


6. Do not use the telephone unless there is a genuine emer- 
gency. Emergencies {and cCamace reports, alerts, and other info— 
mMacLon Can pe OobLeined by .curnine.on your radio... Do not Zo 
Signi sceine a kheepe wie sturesus Open, 1Or Une passage of emergency 
Venrcles “enc eguipieni es Dosnou speculate “or repeat the spec- 
ULAC TONS MOL Other etc HOW. PUMOVS coant. 


lee DUey eWay COM beaches and other waterfront areas: where 
seismic sea waves (tsunamis), sometimes called "tidal waves", 
COULG Strike areal VOUrsroOLO Is thes bDesesource of. intorma— 
tron. Concerning, ther bikelinood that a seismic sea wave will occur. 
Also stay away from steep landslide-prone areas if possible, 
becuase aftershocks may trigger a landslide or avalnche, espe- 
clally Tietheres hac been a .cOu.0l rain and. the ground is nearly 
saturated. Also stay away from earthquake-damaged structures. 
Additional earthquake shocks known as "aftershocks" normally 
occur after the main shock, sometimes over a period of several 
months. These are usually smaller than the main shock but they 
can cause damage, too, particularly to damaged and already weak-— 
ened structures. 


8. Parents should stay with young children who may suffer 
Psvycno logical traumas vearents arc absent, during the occurrence 
of -attlermshocks:. 


Os —COOperace Witiecl spublic satety and reliel organizations’. 
Do not go into damaged areas unless authorized; you are subject 
Pogo rCes mel evo Ce urn LNOmWaAv Ol. Ol Oller wise. Dinder, rescue 
ogeretions.. Martial law has been declared in a number of earth— 
quake disasters. In the 1906 disaster in San Francisco, several 
looters were shot. . 


10. Send information about the earthquake to the Seismo- 
1ogical Field Survey to help earth scientists understand earth— 
quakes better. 
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Summary of Significant Court 


Decisions and Legislation 
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Summary of Significant Court Decisions 
and Legislation 


(Source: Urban Geology Master Plan for California, 1973) 


in wecent years “there, have,been many, attempts. by -covernment .to 
reduce losses from geologic hazards. The following summaries 


are some of the more important ones. 
COURT DECISIONS 


1. Sheffet decision (Los Angeles Superior Court Case No. 32487): 
Declared that a public entity is liable for damages to 
adjacent property resulting from improvements planned, 
specifageds or. authorized] bystne, publicsentity. invthe exer= 
cise of its governmental power. (The State Supreme Court 
refused to rehear this decision, which establishes a 
judicial precedent.) 


2. uwlieh, Count ypOUpeR Hors, Courme, (Case No m0045 0 5eandvconsoli- 
dated cases): This decision found the County liable for 
damages which may have resulted from roadwork and the 
placement “of fill py the County. This case was in regard 
UO Une Portucticse pecna smendsitde, Palos: Verdeswi lis. 

Los Angeles County, California. 


3. pCity. of BakerstieldevenMitier (lB Cal Rptr. 669). heard 
in the State Supreme Court 1966: This decision affirms 
that the city may declare an. older’ structure not in com-— 
pliance with the newly adopted Uniform Building Code 
tobe a publicunuisancesn® Burther,sthe city may enforce 
abatement of the non-conforming condition even though 
to do ‘so mayo require:the building:to be demolished. 


4. Burgess vs. Conejo Valley Development Co. (Connor vs. 
Great Western Savings and Loan Association) (73 Cal. 
Rptr. 369) heard in the State Supreme Court in 1968, 
concerning damage to tract homes from expansive soil in 
Thousand Oaks, Ventura County: This decision affirmed 
that the home buyer, both first buyer and all subsequent 
ones),, hasithel mient to protection’ frommegini gent construc— 

s.con pract rceial ecadimne?toudamace esilnrthisicase: neither 
Contractor, county Snspectors nor) representatives ofr 
the major lending institution acted to ascertain expan- 
sive soil conditions, or to prevent damage: from them. 


B.. Oakes ws. The McCarthy co... (California Appellate Reports, 
PARSE IGS.. cle. el JOe oe enevcoury Neld “Chat. in vhe, Palos 
Verdes area, Los Angeles County, a developer and soils 
engineering company could be diable in negligence for 
damages to a home resulting from using improper (clay) 
fill) material and aimproperly compacting that fill sso that 
earth movement resulted. Also, the court awarded puni- 
tive damages against the developer for fraudulent conceal- 


ment Of material facts, concerning vue property, esa leiry 
failure to volunteer to tie prospecvive buyer thay 
the house was built upon fill. 


LEGISLATION 
PUBLIC RESOURCES CODE 


Section 000-062 and 2621-26255 . nese secpions require the 
State Geologyst to delienate special studies zones 
encompassing potentially and recently active fault 
traces. It requires cities and counties to exercise 
specified approval authority with respect to real estate 
developments or structures for human occupancy within 
such delineated zones. 


Section 2700-2708: These sections require the Division of 
Mines ‘and Geology to purchase and install strong-motion 
instruments (to measure the effects of future earth- 
quakes) in representative structure and geologic environ- 
ments throughout the state. 


Section 2750: Establishes a state mining and minerals policy 
which, among other things, encourages wise use of 
mineral resources. 


EDUCATION CODE 


Section 15002.1: This section requires that geological and 
soils engineering studies by conducted on all new school 
efttes, ang On. existing saves Where, deemed, necessary by 
the Department of General Services. 


Section 15451-15466: These sections constitute the Field Act 
andwrequire that) public schools bendes igned for; the pro-— 
tection of life and property. These sections, enacted 
in 1933 after the Long Beach earthquake, are enforced by 
the State Office of Architecture and Construction in 
accordance with regulations contained in Title 21 of 
the California: Administrative Code). 


HEALTH AND SAFETY CODE 


Sections 15000 et seq.: These sections require that geological 
and engineering studies by conducted on each new hospital 
or additions) affecting the structure wonian existing) hospital, 
excepting therefrom one story Type V buildings HO00 «sq. ft. 
Or mess Hint area 


Sactions 1OL00=19150s ) These sections constitute the Riley. Act 
and require certain buildings to be constructed to resist 
lateral. torees,. specitied, in alive 24 California Administra- 
Cavicn COUe. 


Section 7 9225. 1 Obl =o oo aha! Wiese sect Bons! vequi remetiies 
and counties to adopt and enforce the Uniform Building Code, 
including a grading section (chap. 70), a minimum protec- 
tion against some geologic hazards. 


BUSINESS AND PROFESSIONAL CODE 


Section 7800-7887: These sections provide for the registra- 
GuOneOt ceOlLOgtsuer and Ceopnysacists, and; une certitica— 
tion Of certain geologists im the specialty of engineering 
geology. 


Sect won LOLGs Vihwvsusection requires that amstacemens of 
the soil conditions be prepared and needed modifications 
be carried out in accordance with the recommendations 
OF Jan PecrsrereoecLVIl -engiieer, 


Section 11100-11629: These sections require studies in 
Su Dd LVais2ons OseValuave the possibilities of Plooding 
and unfavorable soits: 


GOVERNMENT CODE 


Section 8589.5: This section requires that inundation maps 
and emergency evacuation plans be completed for areas 
SUB; ECL CO minundar ton by dem=etai lure 


Section 65300-65302.1: These sections require that each 
Catv. and county snalieadope the following elements: 


Seismic Satety Blement consisting of the identification 
anad appraisal of seismic hazards including an 
appraise or tandsliding duesto seismic tevents: 


Conservation element including the conservation, 
Gevelopment and utilization of minerals. 


Safety element including protection of the community 
from geologic hazards including mapping of know geologic 
hazards. 


CITY OF ALAMEDA 
SEISMIC SAFETY ELEMENT 


A PART OF THE GENERAL PLAN 
SAFETY ELEMENT 


TECHNICAL SECTION 


Prepared by 
ENVICOM CORPORATION 


ADOPTED BY CITY COUNCIL, SEPTEMBER 21, 1976 
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I. INTRODUCTION 
A. SCOPE OF INVESTIGATION 


Section 65302 (f) of the Government Code requires a Seismic 
Safety Element of all city and county general plans as follows: 


"A seismic safety element consisting of an identification 
and appraisal of seismic hazards, such as susceptibility 
to surface ruptures from faulting, to ground shaking, to 
ground failures, or to the effects of seismically induced 
waves such as tsunamis and seiches. 


The seismic safety element shall also include an 
appraisal of mudslides, landslides and slope stability 
as necessary geologic hazards that must be considered 
simultaneously with other hazards such as possible sur- 
face ruptures from faulting, groundshaking, ground 
failure and seismically induced waves." 


The, Gui detines, (Cada formiasCouncil.~ongintercovernmentabereka— 
tlOnS.n 1 O/S ut Ole Une. preparaciton, of, local, general plans States 
these : 


MThe inventeisethav alleseismic hazardsyare vo De con— 
sidered, event though only ground and water effects are 
given as specific examples. The basic objective is to 
reduce loss of life, injuries, damage to property, and 
economic and scoial dislocations resulting from future 
earthquakes." 


Based on the interpretation of the intentwofethedlaw,«the 
Guidelines define the scope of the Element: as including: 


1. <A general policy statement. 


2. The identification, delineation and evaluation of 
natural. seismic hazards: 


3. The consideration of existing structural hazards. 
4, An evaluation of disaster planning program. 


5. The determination of specific land use standards 
related to level of hazard and risk. 


The. Guidelines) tnaieave that. whe 2dentad cation. of. natural seismic 
hazards should include the following: 


"1. General structural geology and geologic history. 


2. Location of all active or*potentially active faults, 
with evaluation regarding past displacement and 
probabilbivy sof \future smovernent . 


3. ‘Evaluation of slope stability. solls subjecurro 
liquefaction and differential subsidence.- 


EvotAssessmentiof potential formthesoceurrence 
and severity of damaging ground shaking and 
amplifying effects of unconsolidated materials. 


5 Neldentisicationroteareaswsubjecti te seiches and 
tsunamis. : 


6. Maps identifying-location.of the above 
characteristics." 


The following technical evaluation is intended to meet or 
exceed these requirements. 


B. PHILOSOPHY OF THE ANAEYS.s 


The quantitative study of the strong shaking of earthquakes 

is asrelatively young) sexences= itawasabegun dn California in 

the early 1930's, but has been limited by the necessity of having 
the right instruments in the right place when a significant 
earthquake does occur. Much information has been acquired over 
the last 40 years, but there are significant gaps and much 
remains to be learned. 


With this relatively limited level of basic data, two different 
approaches to the development of a Seismic Safety Element 

are available. One can utilize broad generalizations to describe 
expected events; certainly the inadequacies of the data favor this 
approach. On the other handeeitetnes results are:to be used by 
engineers in designing safer structures, then a commitment to 
mathematical-form issneceessary-) “To this end, thevanalysis is 
developed in this way, whenever possible, and presented in 

chart or. graphiform. sQualitative: descniptions,-of the iresults 

are included for the lay reader, and a brief discussion of metho- 
dology, terminology, and concepts is included in Section C. A 
Glossary of Terms for reference purposes is included at the 

back of the report. 


The basic philosophy within which this analysis has been developed 
is that: the intent of the Seismic safety Blement is to plan 

and prepare for the future based on what we know today rather than 
waiting until we know all that we would like to know. 


C. CONCEPTS, METHODOLOGY, AND TERMINOLOGY 
ae General Statement 


The. Seismic Satety Element is probably the most technically— 
Oriented Of. all the mandated elements,of. the General Plan. For 
this, reason wand. veeause Of athe wide wange_ Of. backgrounds .and 
CXper lence Ole expec Leos verdes eit. Ss eappropriate bO_ include in 
the. introduction a discussion, o1 concepts, smethodolorcy,.and 
terminology to be used. im developing the, techndcal-base. for this 
element...  lhis Ciscussloncvalnoendeds tO SUupDLY noteondy a dic— 
tionary munctiton, of technical terms and, concepts,..but, most 
importantly, .vOmeovagu she Une sVStemat tc Causcnand,eliecyu. relavion— 
ships between the several séismic hazards, .aand the.need for a 
systematic analysis of available information. 


ihe. TOPICS. discussed anatne: following sections.of the intro- 
duction are arranged in an order that becomes increasingly more 
difficult for the layman. »Seetions. 2 through.4 discuss; concepts 
and terms commonly included in newspaper accounts of earthquakes, 
While later sections.discuss, the concepts, necessary inthe 
Tecnica | analysis. Obwecarnugueakc, hazerdsamesnealavter  arerinvended 
primarily for readers with engineering or scientific. backgrounds, 
DUL May also -Des0teinvercsts LO. che davereador: 


Lhe CExcCAOL, Une reportans, arranced. In a, Sitit lar order... Hach 
SeCclLign DecOmess a ncreasa ne lyamore, COmMpd cx we and pLhneyLaverysec= 
tions are intended to document the analysis for engineers and 
Garth scienvasts whos mayswishs vO. expandsOn,orgapply cheydata to 
the~derailedsanalysas Of sinorvacualleaSa tes. 


a Types of Hazards 


The several seismic hazards discussed in. the C.1.R. Guidelines 
can be grouped as a cause-and-effect classification that is 

the basis “tor-the,ordérs.ot their considerations. Harthquakes 
originate as the shock wave generated by movement along an 

active Lauly... Re. primary navural, hazards are ground shaking and 
the potential for ground rupture-along the surface trace of 

Phew laulcn es. -CCOncanvenapural hazards result trom the interaction 
Ob _ Sroundesuakive wit neexictane croundyinstabilities. ~and smclude 
Jiqueitaction.,.sevlrlement and iJandsiidesansinathisaconcext. 
tsunamis, or "tidal waves", and seiches would be primary natural 
hazards. 


The potentially damaging natural events (hazards) discussed 

above may interact with man-made structures. If the structure 

is unable to. accommodate the natural event, failure will occur. 

The potential for such, failure is terméed.a structural hazard, and 
includes not only the structures themselves, but also the potential 
for,damage op_injury. that .could vocecur as <thesresult of .movement of 
loose or inadequately restrained objects within, on, or adjacent 
TO noo UiciC Uli. 


aes Active Faults. — The Source of Rarthquakes 


Earth scientists are generally agreed that earthquakes origi- 

nate as the result of an abrupt break or movement of the rock in 
the reletively brictle cruse of the earth. - The earthquake,is the 
effect of the shock waves generated by the break, much the same 

as sound waves (a noise) are generated by breaking a brittle 

Stick. If the area of the break is small and limited to the deeper 
part of the crust, the resulting earthquake will be small. However, 
if the break is large and extends to the surface, then the break 
can result in a major earthquake. 


TNeESeeOPeaks atwmumescar lc rs crust arereai leq faults. ein * 
California, faults are extremely common, and vary from the small 
breaks of an inch or less that can be seen in almost any road- 
cut, to the larger faults such as the San Andreas on which move- 
ment over many millions of years has amounted to hundreds of 
mites, “in agdgLulone.o- vie ize of fanits, their “are! 14 °Aalso 
important. Many large faults have not moved for millions of 
years; They eremconsidereo “dead! or ne, longer active.” “They 
Were probably the=scource or preay Gartnquakes millions of vears 
ago, but are not considered dangerous today. 


oince faults vary as to the likelihood of their being the source 

of anvearthduake. considerae effort has, and-Tsrcontinting to be, 
expended by geologists and seismologists to determine and delineate 
the faults likely Co generate significant earthquakes. .The 

C.I.R. Guidelines define an active fault as one that "has moved 

in recent, geolopic cuime andewhiichiis likely to move again. in 

the relatively nedreiuvure ge Derihitionse 1or planning purposes 
extendson the orderror 107000 years or more back and L100 years 

on more forwards VS alnre vniemiet inition, Uhas moved" would: normally 
be taken to mean demonstrable movement at the surface. 


The State Mining and Geology Board (1973), for purposes of 

the Alquist-Priolo Geologic Hazards Zone Act (Chapter 7.5, 
Division 2, Public Resources Code  etavesot Galiforniay , 
"regards faults which have had surface displacement within 
Holocene time (about the last 11,000 years) as active and hence 
aS CONSLLCULING 2 DOvenCiadmazerd.) 


The State Geologist (Slosson, 1973, Explanation of Special 
Studies Zones’ Maps, p36 4)edetines.e potentially active fault 
as one "considered to have been active during Quaternary time 


(last 3,000,000 years) -- on the basis of evidence of surface 
displacement." The State Geologist knows the contrast with the 
State Mining and Geology Board, but also states: "An exception 


is a Quaternary fault which is determined, from direct evidence, 
to have become inactive before Holocene time (Last 11,000 
VeEarss). cu 


The definitions ab0vesare Compal ple tirreken in tne following 
Sequence: 


i fh DOvenpially active tault Ws ‘one= which exhibits 
evidence of surface displacement during Quaternary 
time (last 3,000,000 years approximately). 


2. A potentially active fault will be considered as 
an active fault if theres “evidence of.surface 
displacement during Holocene time (last 11,000 
years, approximately). 


3. wy DOtemtm ad y active fautG wel De~ considered as 
inactive if, by direct evidence, it can be shown 
that there has been no displacement during Holocene 
Gal OR 


The key to the practical application of the above definitions is 
the placement of the burden of proof. The State Geologist will 
consider a fault as potentially active if there is evidence of 
surface displacement during Quaternary time. If a Lawl wor SO 
designated as required by the Alquist-Priolo Act, then the 
burden of proof shifts to the developer to show by "direct 
evidence" that the fault has not been active (i.e. no surface 
displacement) during Holocene time. The practical application 
of this system of evaluation will depend DEImMa tis ymons tne 
interpretation of "direct evidence" in the review and evaluation 
of the required geologic reports. 


The above discussion applies directly to Special Studies Zones 
as required by the Alquist Priolo Act. To date, no such 

zones have been established within the study area. However, 
the State Geologist is required to "continually review zones 
and to delineate additional zones. In this context, evidence 
of fault activity in the study area will be discussed herein 
utilizing the framework of evaluation as provided by the State 
Geologist and the State Mining and Geology Board. Addi ronal 
comment on the responsibility for evaluation of geology/seismic 
hazards is included in Section D of this Introduction, and also 
as pertinent in that part of the “text covering the evaluation 
of active and povemuially active taults: 


4. Describing an Earthquake 


Several terms are used to describe the location, "size", and 
effects of an earthquake. A clear understanding of the meaning 
of these terms and their limitations is essential to an under- 
standing of the results of the investigation. 


The location of an earthquake is generally given as the epicenter 
of the earthquake. This is a point on Ghe@"Garth's surrace 
vertically above the hypocenter or focus orethée,quake../...The 
latter is the point from which the shock waves first -emanaite. 
However, as discussed above, earthquakes originate from faults. 
These are surfaces, not points, so the hypocenter is only one 
point on the surface that is the source of the earthquake. 


Magnitude describes the size of the e6arcenqueke itself. Tech- 
nicaliyuit. 16. defined as the los of tne maximum amplitude as 
recorded on a standard seismograph at 100 kilometers (62 miles) 
from the epicenter. The most important part of this definition 
is that it ds a log scalé; that is, an increase of | on the 
magnitude scale (e.g. magnitude 5.0 to 6.0) represents an 
increase of 10 in the amplitude of the recorded wave. 


Intensity describes the degree of shaking iy Gers, OL, vue 
damage ata partacular, Jocation. ihe scale used today is the 
Modified Mercalli Scale of 1931, and is composed of 12. cate-— 
POmLesy le tOsl a Otedamage: as described in Table 1. The Roman 
numerals are used to emphasize that the units in the scale are 
discrete categories rather than a continuous numerical sequence 
as is the magnitude scale. It is important to remember that 
Jntensity. is, ayvery, general, description of the effects of an 
earthquake, and depends not only on the size of the quake and 
the distance to its center, but also on the quality of the con- 
struction that has been damaged and the nature of local ground 
condi. ts.ons’. 


5. Occurrence, Recurrence and Risk of Earthquakes 


Earthquakes have had in the past a eertain occurrence in space 
and time. These occurrences may or may not set certain patterns 
that can form the basis for predicting their occurrence in 

the future. When such occurrences are analyzed in time, cer- 
tain characteristics may statistically recur at definite inter- 
vals. If it can be shown that a particular magnitude earthquake 
recurs on a fault on the average of once in a certain time 
interval, then that interval is said to be the recurrence interval 
for that magnitude...) Om, wuscne Inverval or ovime LS set. Cé.e. 

a 100-year period), then earthquakes of a particular magnitude 
may recur a certain number of times in the specified périod.. 
This number is then the recurrence rate for that magnitude. 


In California small earthquakes occur much more often than 
large earthquakes. Also, there VeLiwiatr iy woerinitenpacvern in 
that the log (base 10) of the number of events of a particular 
magnitude that have occurred in the past is approximately 
proportional to the magnitude of those events. This relationship 
appears to apply to larger areas such as Caruroravarana Western 
Nevada, some smaller areas such as the Los Angeles Basin, the 
Imperial Valley, etc., and to some faults... However, this 
relationship does not necessarily apply to all Laules cand. it 
should be applied to small areas, such as GICIECS OP ney Lou. 
Sites, with great -cares 


Recurrence intervals can be used to Mew Cace: Che wi Sk of an 
earthquake in much the same way Ghat recurrence is used Lo 
describe the risk of flooding (e.g. 100-year flocd ja) there its 
one important difference, however. hl@Oocd Us the result of <4 


TABLE 1. MODIFIED MERCALLI INTENSITY SCALE OF 1931 


Intensity 


(from United States Earthquakes) 
Description of Damage 


Not felt except by a very few under specially favorable circumstances. 
(I Rossi-Forel Scale) 


Felt only by a few persons at rest, especially on upper floors of buildings. 
Delicately suspended objects may swing. (J to If Rossi-Forel Scale) 


Felt quite noticeably indoors, especially on upper floors of buildings, but 
many people do not recognize it as an earthquake. Standing motorcars 
may rock slightly. Vibration like passing of truck. Duration estimated. 
(ILL Rossi-Forel Scale) 


During the day, felt indoors by many, outdoors by few. At night, some 
awakened. Dishes, windows, doors disturbed; walls make creaking sound. 
Sensation like heavy truck striking building. Standing motorcars rocked 
noticeably. (LV to V Rossi-Forel Scale) 


Felt by nearly everyone, many awakened. Some dishes, windows, etc., 
broken; a few instances of cracked plaster; unstable objects overturned. 
Disturbances of trees, poles, and other tall objects sometimes noticed. 
Pendulum clocks may stop. (V to VI Rossi-Forel Scale) 


Felt by all, many frightened and run outdoors. Some heavy furniture 
moved; a few instances of fallen plaster or damaged chimneys. Damage 
slight. (VI to VII Rossi-Forel Scale) 


Everybody runs outdoors. Damage negligible in buildings of good design 
and construction; slight to moderate in well-built ordinary structures; 
considerably in poorly built or badly designed structures; some chimneys 
broken. Noticed by persons driving motorcars. (VIII Rossi-Forel Scale) 


Damage slight in specially designed structures; considerable in ordinary, 
substantial buildings, with partial collapse; great in poorly built structures. 
Panel walls thrown out of frame structures. Fall of chimneys, factory 
stacks, columns, monuments, walls. Heavy furniture overturned. Sand and 
mud ejected in small amounts. Changes in well water. Persons driving 
motorcars disturbed. (VIII to 1X Rossi-Forel Scale) 


Damage considerable in specially designed structures; well-designed, frame 
structures thrown out of plumb; great in substantial buildings, with partial. 
collapse. Buildings shifted off foundations. Ground cracked conspicuously. 
Underground pipes broken. (1X Rossi-Forel Scale) 


Some well-built wooden structures destroyed; most masonry and frame 
structures destroyed with their foundations; ground badly cracked. Kails 
bent. Landslides considerable from river banks and steep slopes. Shifted 
sand and mud. Water splashed (slopped) over banks. (X Rossi-Fore} Scale) 


Few, if any, (masonry) structures remain standing. Bridges destroyed. 
Broad fissures in ground. Underground pipelines completely out of service. 
Earth slumps and land slips in soft ground. Rails bent greatly. 


Damage total. Waves seen on ground surfaces. Lines of sight and level 
distorted. Objects thrown upward into air. 


random combination of meteorological events, whereas current 
geologic theory indicates that the buildup of the strain 

released during an earthquake is more likely to be regular. ‘This 
regularity suggests that orediction, to varying Geprees, may 

be possible depending on the extent of understanding of a particu- 
faratault... in some eases ties understanding 1s ’limited to a 
statistical regularity in the number and magnitude of earthquakes 
generated. For others, such as the San Andreas fault, much 


-more is known on which to base an estimate of the risk involved. 


For others, little more is known other than that there is 
some degree of hazard involved. 


6., ,Acceleration, Velocity and Displacement 


Thewdata of the seismolocistmand. ce0logisy are,Pin eeneral snot 
applicable to the engineering design of earthquake-resistant 
structures. The seismograph, form example,’ 1S a very sensitive 
instrument designed to record earthquakes at great distances. 

A level of shaking that would be meaningful to an engineer in 
designing a building would put most seismographs completely 
off-scale. 


NSU arrest lt., 10, has been Mecessary tOdesign and install special 
instruments to record the strong motions of earthquakes that 

are of interest to the engineer in the design of earthquake- 
resi stant. ossruccures. «© Theewrilrse. such 1nSevrunenus., principal ly 
accellerographs: andiiseismoscopes,,) were installed by the U.&. 

Cogst- andrGeodetic. Surveyein theslate, 1920's pance that times, 
the instrumentation and analytical techniques have been 
CcOonpinucugly improved, sandoumany ,excellent records mave been 
obtained of the more recent strong earthquakes. 


Ther foOULowing —sectlons, aresa Drier introduction) to the scon— 
cepts, data, and application of strong-motion records. The 
science is relatively young, and is growing in bursts that follow 
the recording of a damaging earthquake. 


The accelerograph is a short-period instrument (in contrast 
tothe seismograph), and measures the acceleration of the ground 
or the structureson which Hite is’ mounted..sPfigure 1 shows the 
ground acceleration recorded just a few hundred feet from the 
slipped fault during the 1966 Parkfield earthquake. The velocity 
and displacement curves have been derived from it by integration. 
ips 2 perttewlarly coodveram) Le sola tie SIGE eT aes of these 
three parameters Of wmovlon  vecause On thesrelatively. ‘clean! 
single-displacement pulse that corresponds to two velocity peaks 
and four acceleration peaks. Figure 2 shows the more typically 
complex record of the San Fernando earthquake as recorded at 
PacoimasDam «(Neither vomtheltwosmioweverJmare typical records in 
terms: of accelerations recorded. The Pacoima record shows the 
largest acceleration recorded to date (1.25g), and the Parkfield 
record (0.5g) was the largest recorded in the United States before 
the San Fernando earthquake. 
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Tt should also be noted that accelerographs normally record 
three components; two in the horizontal plane at a right angle 
to each other, and one vertical. Only one component is shown 
in each of the two examples. 


Maximum acceleration is one of the basic parameters describing 
ground shaking, and has been the one most often requested by 
agencies such as FHA in determining the earthquake hazard to. 
residential structures. It is particularly important for "low- 
rise" construction (up to 3 to 5 stories) and other structures 
having natural periods in the range of 0.3 - 0.5'seconds or less. 


7. Frequency Content —- Fourier and Response Spectra 


The frequency content of the ground motion is particularly 
important for the intermediate and higher structures. The 
problem can be compared to pushing a child in a swing. If 

the pushes are timed to coincide with the natural period Of 
the swing, then each push makes the swing go higher. However, 
if the timing: 4s not; might, then most uciephempucth, is, Lost 
"fiehtine™ the natural period of the swing. The situation is 
similar during earthquakes. Structures have certain natural 
periods ofpvibration. “li, theapulses of the earthquake match 
the natural period of the structure, even a moderate earthquake 
can cause damaging movement. However, if the match is poor, 
the movement and resulting damage will be much less. 


Two methods are commonly used to analyze and display the frequency 
content of an earthquake. A Fourier analysis is a common 
mathematical method of deriving the significant frequency 
characteristics of a time-signal such as the record of an 
earthquake. The results of the analysis are an amplitude term 

and a phase term. The amplitude is normally plotted against 

the period for the amplitude to give a Fourier amplitude spec- 
trum for the range of frequencies that are of interest. Since 

the mathematical procedure is basically an integration of acceler- 
ation with time, the Fourier amplitude has the units of velocity. 


A response spectrum is derived by a similar mathematical process, 
but is slientiy dirtrerent timeconcept.gs it) represents the maxi- 
mum response of a series of oscillators, having particular 
periods and damping, when subjected to the shaking of the 
earthquake. The result is-also™expressed.in_units of velocity 
with the particular nomenclature depending on the precise 

method used to derive the spectrum. 


The Fourier spectrum can be generally described as the energy 
available to shake structures having various natural frequencies. 
The response spectrum gives the effect, in maximum velocity, 

of this available energy on simple structures having various 
frequencies and damping. At zero damping the two are very similar. 
Figure 3 shows a plot of both the Fourier spectrum and the 
response spectrum with zero damping for the Varoc earthquake ‘of: 
1952. Figure 4 shows the response spectrum for the Parkfield 
record (Figure 1) for several levels of damping. 
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8. Near-Surface Amplification 


The shock waves of an earthquake radiate outward from the 

source (lle. the Sslinped fault) throtigh the deeper and relatively 
more dense parts of the earth's crust. In this medium, the 

waves travel at high velocity and with relatively low amplitude. 
However, as they approach the surface, the velocity of the 

medium decreases and may become quite variable if layers of 
different rock types are present. The overall effect is generally 
an amplification of the wave or of certain frequencies within 

the spectrum of the wave. 


The most consistently applicable effect is the ~inerease in 
wave amplitude that accompanies the decrease in velocity. This 
relationship can be compared to laws of mechanics that require 
the conservation of energy and momentum. In the case of earth- 
quake waves, the energy of velocity is transferred to energy 

of wave amplitude when the velocity decreases. 


A second effect is the amplification, of certain frequencies 

due to the thickness and yelocity of (near-surface Jayers of the 
earth. The geometry of these layers controls the frequency of 
shaking just like the geometry of a TV antenna controls the 
frequency it receives best. A striking example is the very high 
amplification of waves of the 2.5-second period (Figure 5) by the 
stratification of the oldetere beds, on which: Mexico City has 
been built. This=sconcentravion of tae =enerey in aevery narrow 
frequency range could be disastrous for structures with a 
matching natural pertod.” Just like the child imlthe swing, they 
would move more and more with each successive pulse of the 
quake. Such pronounced amplifications are unusual, but if 
present, they can be extremely important. 


D. RESPONSIBILITY FOR SEISMIC/GEOLOGIC 
HAZARD EVALUATION 


The responsibility for the evaluation of seismic and geologic 
hazards lies with botm thesnub)iceand»private sectors. The 
following are suggested asseuidelines-in devermining the dis- 
tribution, of.mesponsibility,o: the tworsectors: 


1. The owner or developer of a particular site should 
be responsible for, “and»should=bear the cost of, 
the evaluation=ofetnose hazards that can be evaluated 
on or in the near-vicinitvyeol the site. 


2. Those hazards that cannot be adequately evaluated 
at the site should be considered’ for evaluation with 
public funds. 9 The nature of the funding mays vary 
depending on the extent of the impact of the hazard. 
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Figure 5. Velocity spectrum, 1962 earthquake near Mexico City. 


(See "Mexican Earthquakes of 11 May and 19 May, 1962, *by P.C, Jennings, 
Earthquake Engineering Research Laboratory, Cjae ey) 


3. To facilitate the administration of public safety, 
it may be desirable to undertake, wlLeEh, public 
funds, a general evaluation of site-related hazards 
as they exist within an entire jurisdiction. 


The application of these guidelines. to geologic/seismic hazards 
depends on the type of hazard and the aveulapLlery Of en. or— 
mation that can be used to evaluate the hazard. For example, 
faults can be located on a particular site by the engineering 
geologist during the site investigation. However, the rock 
formations necessary for evaluation of the activity of the Tault 
are normally present only at certain eritical Locations. and 
evaluation of activity may require a publicly funded investi- 
gation. ‘On the other hand, landslides can normally be evaluated 
as part of ithe site investigation funded by the owner or 
developer. Public agencies may wish to fund a general investi- 
gation of landslide hazards to facilitate the administration 

of public safety, but the final evaluation Must; be a parc Of 
site evaluation because additional hazard may be introduced by 
proposed modification of the site. 


The distribution of emphasis of this Technical Report is based 
on these concepts. Those aspects of a perticular hazard that 
cannot be evaluated on a site-basis, or which can more 
efficiently be evaluated on a regional basis, are emphasized 

in this analysis. Those hazards that can be effectively 
evaluated as a part of site investigations are treated in a 
general way with the intent that the results be used to facili- 
tate the administration of public safety. It should be empha- 
sized that such generalized evaluations should in no way be 
considered a substitute for a detailed site investigation which 
must consider not only existing conditions but also any hazards 
that may result from proposed moduiveattons Of The sive. 


A key step in hazard evaluation is public involvement, through 
their elected representatives, in the determination of acceptable 
levels of risk. All hazards involve risk. A technical evaluation 
may determine certain risk parameters, but. only the, public’ can 
determine the acceptable balance between the risk of a hazard and 
the cost of mitigation. Because of the extreme importance of 
this step, primary emphasis is placed on the technical evaluation 
of available information relating to the risk of seismic hazards. 
The technical analysis can provide such information, but only 

the public sector can make the final determination of the 
acceptability of those risks. 


The relationship between the concepts discussed above and the 
evaluation “Of specitiic seismic/geologic hazards is shown in 

Table 2. The primary responsibility for evaluation of each 

aspect of a hazard is shown by an ea tiOla Vee eke Lt. 
determination of acceptable risk is involved. Those aspects 

for which either sector may commonly have a secondary responsi- 
bility are indicated by an "X". The intent is to show the distri- 
bution of responsibility for evaluation of @ hazard; Che overall 
regulatory responsibility of government is not included. 
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TABLE <2. 


EVALUATION OF SEISMIC/GEOLOGIC HAZARDS 


DICTRIBUTION OF RESPONSIBIET TY rOR 


Hazard 


FeulG rupcure: 


a6 Evaluation of fault 
b* LOCats On au ove 


Earthquake shaking: 


on Sources 
1D < General 
Cr Eifects 


Tsunami and 


ali Risk? of 
lees Effects 


Dam failures 


a. Risk oh 
bp. Birects 


Landslide: 


of shaking 
levels of shaking 
On sare 


seiche: 


occurrence 
on site 


occurrence 
on site 


a. Regional evaluation 


b. Effects 


Liquefaction, 


subsidence 


on Site 


settlement, & 


a. Regional evaluation 


jon Hinecrs 


Secondary 


on site 


responsibility 


Primary responsibility 


Primary responsibility Warcslgbie ie 


acceptable risk 


Evaluation requires determina 


1a 


Responsible Sector 


Public 


ng determination of 


tion of expected shaking. 


if. SEISMIC SETTING 


A. GENERAL 

The City of Alameda is located is a seismically active area, 
and in close proximity to several of the many active and 
potentially active faults of Central California. This report 
analyzes the earthquakes that should be expected in the future, 
and the accompanying effects that should be expected in the 
Study area. For purposes of defining the problem, the prin- 
cipal active faults are shown on Figure 6. While Silene Cant 
earthquakes can and probably will occur on other Taules , 
available evidence indicates that their effects in the City 
will be less than the effects of earthquakes expected from 


the faults -seléected for further analysis. 


Figure 7 shows the locations of all earthquake epicenvcers in 
the vicinity of Alameda for the period June, 1932 through 

June, 1973 for which magnitudes were eatouired (data from 

U.C. at Berkeley Seismographic Station). Many more earthquakes 
actually occurred in this area, but the magnitudes of the 
smaller events (less than magnitude 3.0) were not calculated 

in the early years (up to about 1944). Consequently, the 
number of smaller events shown on the map is not FPeprescntative 


of the entire time period. 


Important points to note are: 1) the concentration of epi- 
centers in the vicinity of the Hayward fault; and 2) the 


concentration of epicenters along the San Andreas fault. 
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Figure 6. Principal active faults. in the Alameda area. 
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A=TERSHOCK SWARM FROM 
SAN FRANCISCO BAY 
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B. GROUNDSHAKING 


i His cOoricawwinecord 

as —pamw Andreas fault Zone 

The San Andreas fault zone has generated two Noreat™ earth- 
quakes in recorded history: the 1857 Fort Tejon earthquake 
(magnitude 7.5-8.5), and the 1906 San Francisco earthquake 
(magnitude 8.3). Ground shaking intensities in the study 

area were not recorded for the 1857 event. oUt preached a 

level of VIII, on the Modified Mercalli Scale (see Introduction) , 


during the 1906 earthquake (Lawson, 1908). 


b. Hayward Fault Zone 

The Hayward Paul zone has been vnersourece of (two Large earth— 
quakes in recorded history: one in 1836, and the other in 
1868. Magnitudes were not assigned to earthquakes at that 
Gime, DUG the exvens Of stUriace rapture thay occurred with 
both events suggests that both had magnitudes of the order of 
im MSingensities asstened™rnUthe vicinity of Alameda ranged 


TROMAV LL te AX zon the Modified Mercalli Seale. 


2a Predactvive. Analysis 

Gf roam Andreas Fault 

The San Andreas fault zone has been divided by Allen (1968) into 
several areas of contrasting behavior (Figure 8). The area 

of particular interest is the segment between Hollister and 

Cape Mendocino that generated the San Francisco earthquake of 
C906A9eThastwas one Of dthe three "creat earthquakes" of Calif— 
ornia's historicnréecord,tand .the major portion of this segment 


Coweta li has not moved since. Lteis the closest part of 


od 


re Northern Calif. 
cowAS&— active area | 
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| > 
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: Central Calif. is 
ic poe cciilg area ae 
3 <4 
Ns 
aS 


1857 Break S 
. ~ 
| 
| 


Son 8ernardino ne 
Tim Southern Cali 
“Sse 


Figure 36), Areas 0 contrasting seismic behavior along the San 
Andreas fault zoneim California; ~fromtAhiens) 1968. 


22 


the fPaultt tothe study area. 


The segments of the fault to the northwest and southeast of 
the 1906 break are "active areas" that experience earthquakes 
of medium £o small magnitude, on a fairly. regular basis. | The 
1906 break, however, is not moving, but is storing energy. 
The approximate rate of this storage can be deduced by move- 
ments within the "Central California Active Area". Survey 
nNevworks across thepiautt) indicate thav movement is occurring 
at approximately 5-6 cm/year (Greensfelder, 1972) within the 
active area. No survey measurements are available for the 
"Northern California Active Area" because most of the area 


is under water. 


The-measni tude Of the leariiquakereenerated..D jescuhupeOnee foul t 
is approximately proportional to the logarithm of the movement 
(surface displacement) that occurs. Data on displacement and 
magnitude compiled by Bonilla (1970) for the San Andreas and 
faults of simpler movement are listedgim Tables; and are; piotted 
On -Vieure O. SS Ther titoine for atstral cnt aMinencurye.to--bhe 
data “ls somewhat arbitrary, and a0 this process the values for 
the San Andreas itself are given more weight. 

TABLE 3 


FAULT DISPLACEMENT AND EARTHQUAKE MAGNITUDE 
STRIKE-SLIP FAULTS IN CALIFORNIA 


Fault Earthquake 

Displacement | Magnitude 

Peale Year (feet) (Richter) 
dee won Andreas 1906 20 oes 
2. Imperial 1940 19 eee 
320) Marri 1947 O25 6.4 
4, Imperial 1966 0.05 BOG 
oe san Andreas 1966 O06 wee 


a3 


Maximum Surface Displacement (ft.) 


Magnitude (Richter) 


after Bonilla, 1970 Nw uSamAndreas fault 


e other Iateral faults 
Figure 9. Earthquake magnitude vs. surface displacement 
for strikes lip staults,..« DatasfiromeBonilia,. 19/0. 
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Magnitude and displacement (Figure 9) can be combined with a 
rate of displacement from survey information to give recurrence 
intervals for various magnitudes. Figure 10 shows this rela- 
TLOnNsShip ror Ehe ers rate of displacement of a 6 cm/year. 
The most important consideration is that 69 years have passed 
since this segment last moved. If the 6 om/year PACS is Valid, 
the energy stored already is sufficient to generate an earth- 
quake of a magnitude of approximately 8.1. The estimated mag- 


nitude of the great San Francisco earthquake of 1906 was 8.3. 


The reasoning developed in the paragraphs above is not new to 
most geologists, seismologists and earthquake engineers. It 
is the reason one Nears from time-to-time about the prediction 
of a "great earthquake" on the San Andreas fault near San 


Francisco. 


Hor purposes sol slurgner analysis sim saver sectLons Of.this 
report, the magnitude of the expected earthquake is taken at 
8.25. No specific recurrence interval is required for risk 
evaluation, as the event appears likely to occur sometime within 


the next 100-year period. 


b. Hayward Fault 

The Hayward fault has demonstrated its tcapacity to generate 
large earthquakes twice in the.past 140 years. For planning 
eonsideratvions, it Should be-assumed to have a recurrence 
interval for larger earthquakes (approximately magnitude 7.0) 
about equal. torthatsfor, the San;Andreas fault. zone, or,one 


magnitude /.0 earthquake every 70-100 years. 
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Figure 10, Recurrence vs. magnitude for the San Andreas fault (1906 break) 
based on a strain accumulation of 6 cm/yr. 
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Surface rupturing is not expected in conjunction with earth- 
quakes “ofimagnitude tess than 7.0. This fact is important 
because the energy of the smaller earthquakes will be released 
at some depth below the surface, and the effects at the sur- 
face will be less than for the "great" earthquake expected on 
the San Andreas fault. However, for an earthquake with a 
magnitude of over 7.0 energy will probably be released at the 
surface and its effects in Alameda could exceed the effects 


on theeSan Andressiiraulie 


@. Risk Appraisal 

The analysis of events to be considered from the San Andreas 
and Hayward fault zones has defined these events in terms OF 
their magnitudes and the corresponding recurrence intervals. 
The level of risk associated with each event is indicated by 
its recurrence interval in much the same manner as the risk 
from flooding, nS sdetinied by a recurrence interval. For example, 
it is common practice to design flood prevention works to 
accommodate the flows from a 100-year storm. Where higher 
level of protection is desired, the design levels are increased 
to accommodate the flows from storms occurring at roughly 300- 


SOOM year anvervals: 


The risk of earthquake should be considered in a similar manner. 
Design for the 100-year event is considered minimum; where a 


higher level of protection is desired, such as fOr NOsSp1 Las, 
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design levels should be increased to protect against earth- 


quakes with longer recurrence antervalsr 


The Citycof Alameda; satqa publienworkisessionson September 15, 
1975, decided upon the following levels of Acceptable Risk from 


earthquakes expected from the San Andreas and Hayward fault 


zones. 
Recurrence Expected 
Use siInterval Magnitude pource 
Nen-Critical Kacilivies 100 years 8.5 San Andreas 
CEeieical Macilitpres 70-100 years Pig Hayward 


Critical’ Facilities: Werecsdivided into thoseewhich? are vital 
to community functioning, and must remain operating at peak 
efficiency during: and after an earthquake; and facilities 
which, while not vital to community functioning, must not 


collapse because of high levels of occupancy. 


C. SURFACE RUPTURE DUE TO FAULT MOVEMENT 

A study of available geological data indicates that no active 
or potentially active faults are known to traverse the City 

Of Alamedawe [nereiorve. sUurrace rupture iwitoin the City due: to 
movement along a fault is not considered a hazard within 


Alameda. 
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IIL. ENGINEERING CHARACTERISTICS OF EXPECTED EARTHQUAKES 


A. METHODOLOGY 

The derivation of the engineering Characteristics of a pare 
ticular earthquake at a particular site is normally a two- 
-step process. These steps are the distance to the source of 
the earthquake, and local conditions. Where the distance 
factor is treated as the travel path in deep bedrock, the 
effect of local conditions is the near-surface amplification 
of the waves as they travel upward through layered rocks. 

The mathematics and geometry of the calculation are shown in 
Paeuce i. The distance problem is a relatively simple part of 
the calculation. However, near-surface amplification and, the 
choice of type earthquakes are more complex problems to be 


discussed in detail in the next two sections. 


By NEAR-SURFACE AMPLIFICATION 

a Physical rrine ples 

The amplification of earthquake waves traveling through a 
media of differing physical characteristics (i.e. layered 
rocks) is based on two physical principles: conservation of 


energy, and the selective amplification of resonant frequencies. 


The principle of conservation of energy applies to the trans- 
formation of the physical properties of a wave as Toy co veums 
from the very fast, dense rocks at depth to the much slower, 


less dense rocks or soils at the surface. In this conversion, 


og 


Site] | | Site 2 


—_—_—_ 


fayered reck 
ec 


ae J ete 


“The spectrums Sy4» oF the earthquakes E» recorded at site 1s 
at distance di from the source of the earthquake is: 
SV= EAL ns ae 
4 
where A is the near-surface mimideieaticn of die bedrock motions 
damping in perros is nedliible and spreading is cylindrical. 


Likewise: the spectrum at site 2 is: 


‘Sy2=E A; 
do a 
Tnerefores 
Ssy2 = Syj at Ag 
d2 Ay 


Where Syy) Syo? Ay? and A, are complex functions of frequency. 


Picure’ 1, Geometry and mathematics of computation of 
the engineering characteristics of an 
earthquake. 
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the energy wave velocity is converted to energy of wave ampli- 
tude. The mathematical expression for this change as a wave 
travels fron layers. ce: ton Layers 


DiV>5 


ni 


Wheres ik = anol iication rariouclayer eytomlayer, 1), 


Ds = OGSHS Hoy WORViayen emt 
Dd, =iGénistey,.otdtayeri2, 
Vi =Svyelocuey orotayer ty and 
V5 =Eyctocwuy  Olsnayerdcs 


The above equation involves both velocity and Gensatyg but 
velocity is by far the most important. In the overall change 
from granite at a depth to an average Sond waren ne surface, the 
density will typically change from Ser OmaDOuueree ys a..PabiG 

of less than 2:1. Velocity (shear-wave), on the other hand, 
will typically change from about LimO0Owttysecotondessh than 

500 ft/sec; a ratio of more than 20:1, and 10 times the density 


changes. 


The selective amplification of resonant frequencies is more 
complex, but in simple terms, the rock layers act somewhat 
like a series of organ pipes that amplify waves of perticular 
frequencies. The frequencies that arekamplifved eresthose 
that form a one-quarter-wavelength standing wave insthenlayer, 
and all higher modes. The dominant periodss0feaniayerrare 


CAUSE 


a 


— 4H 4H 4H 
AL TV? 3V? 5V? etc). 


where: T = dominant period, 


H layer thickness, and 


V layer velocity (shear wave). 


iH 


For most sites, with many layers of varying thickness and ja 
gradual increase of velocity with depth, selective amplification 
is secondary in importance to the more general amplification 

due to decreasing velocity and density. However, where there 

is a very pronounced velocity change at relatively shallow 
depth, as in the Mexico City area discussed in the TmuroducuLon, 
the concentration of energy in a narrow frequency range can 

be very important for structures having a Similar satura 


period of vibration. 


In addition to the two principles considered above, damping 

can be important for sites with thick layered sequences. Waves 
traveling in fast, dense rocks such as granite, are almost 
unaffected by damping, but unconsolidated materials such as 
soils, soft sands and shales can effectively damp earthquake 
waves if they are present in sufficient thickness. Overall, 
the effect is to cancel a part of the wave amplification of the 
Slow, less dense rocks, because rocks with high amplification 
characteristics generally have high damping Facvors.e Gor 
damping to be effective, however, thick Aavers-are required. 
Thus, low velocity materials may be Wooo wore "had@s If 


they are presen asad relavive ly chan Loyer (15-100 feet), 


Be 


amOlL Ee Leac Lon umeyeue, Very significant. However, if they are 
present as very thick layers (several thousands of feet), 
damping Cal pe ebreevive 10 reducing the amplification normally 


expected at sites underlain by low velocity rocks. 


From the discussion above, it is apparent that the most 
important physical characteristics of a site is the velocity or 
velocities of the layers underlying the site. Density is less 
important, and it can be estimated from velocity if the 

rock types are known. Damping is important for thick séeceions , 
and it, etoo. is iclosely related tO velocury. = wins eit the 
velocity of the wave type of interest is known, the density and 
damping can generailty be estimated to an acceptable degree of 


accuracy. 


Barthquake shaking is the result of complex combinations of 
several types of vibrational waves. The primary components of 
earthquake waves are the so-called body waves that travel 
ore the deeper parts of the earth's erust. Body waves 
include the primary (P-wave) or compressional waves ana the 
secondary (S-wave) or shear waves. For waves traveling at 
depth, and refracted Wowerd?: 605 Une site (Fisure al), the 
P-waves, vibrating Dara ele “yo une propagation direction, 
dominate the vertical component of shaking. The S-waves arrive 
later and vibrate normal to the direction of propagation; 

they make up the major part of the damage-inducing, horizontal 
components of Shaking. Thus, it tis ‘the shear waves that’ are 


of primary importance in the analysis of earthquake shaking. 
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C. MODEL ANALYSIS 

The analysis of near-surface amplification by various com— 
binations of geologic conditions in the area Gece deyensve(u le (6) Glace! 
series of computer-generated amplification spectra based on 
models of subsurface conditions. These conditions vary signi- 
ficantly within the areavand considerable generalization is 
necessary if the results are to be applied to a workable 


microzonation system. 


To determine the amplification characteristics of the various 
pedrock/soil combinations in Alameda, detailed geophysical 
models have been developed for typical sites within the study 
area. These models (Tables 4 through 6) represent a combi- 
nation of published and unpublished geological and geophysical 
data (P-wave, velocity, density) and soil parameters from 

soil engineering reports Submitted to the City. Where geo- 
physical data was tacking, such as’ for the velocities of 
deeper layers, approximations have been made using information 
from areas with similar characteristics included in Duke and 


Leeds (1962) and Duke, eu al Neways 


& computer analysis of the above models yields the amplification 
spectra for each of the typical bedrock/soil combinations in 

the ‘studyvarvea.- these spectra are presented as Figures 12 
through 14. A study of the amplification characteristics 

of the sites indicates that in general, the ee pier et ence teatrs 


can be grouped into two categories as follows: 
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TABLE 4 


SITE: Bay Mud 1 Location: Alameda 
T £ Unit Geolo oo llave Thickness Densit Dampi 
Dee BY Velocity y pees 
0 300 15 50 Q702 
15 TOG eybayahind 700 20 60 0.02 
GBS Merritt Sand 1000 ~ 50 105 OF O02 
85 1200 100 110 0.02 
so Pleistocene Sediments T500— 100 110 0.02 
285 2000 100 110 0.02 
385 Weathered Franciscan 6000. 100 150 .00625 
485 Basement Complex 11000 10000 165 00385 . 
Footnotes: 


hb) Warrick, RR. Ege toy 4s "Dukel and Leeds, 1962: Duke.et al, 1971 

2) Goldman, H.G., 1969; Blake, et al, 1974 

3) Lee, C.H., and Praszker, M., 1969; Goldman, H.D., 1969; Woodward-Lundgren §& Associates, 
May and December, 1974; Duke, et al, 1971 

A) Duke, et al, 1971 


ge 


TABLE 5 


SITE: Bay Mud 2 LOCATION: Alameda 


a a ae ar a es 
S-Wave 


Top of Unit Geology Weloerty Thickness Density Damping 
ee ee ee en eee, rene Se a eee ee Se 
0 300 LS 50 0.02 
15 moun ee Raye Med 700 60 60 0.02 
ee re a SS 
1D Merritt Sand 1000 50 105 0502 
ee ee ee 8 ee ee 
H25 1200 100 110 0.02 
Z25 Pleistocene Sediments 1500 100 110 0.02 
325 2000 100 110 Os02 
ee ee ee ee eS Se ee eee 
425 Weathered Franciscan 6000 100 150 .00625 
wet. Be Se ee ee ee ee ee ee ee es ee 
525 Basement Complex 11000 10000 165 .00385 


a 


Footnotes: 


1) Duke and Leeds, 1962; Duke, et al, 1971 

2) Goldman, H.B., 1969; Blake, et al, 1974 

3) Woodward-Lundgren and Assoc., May and December, 1974; 
Duke, et al, 1971 

Aye puke-e 81° 1971 


Le 


SLES 


Top of 


Footnotes: 

1) Duke and Leeds, 1962; Duke, et al, 

Z) s Goldman, A.B.; 1969; Blake, et.al, 

3) Woodward-Lundgren and Assoc., May and December, 1974; 


MERRITT SAND 


Unit Geology 


Merritt Sand 


Pleistocene Sediments 


Weathered Franciscan 


Basement Complex 


Duke, et al, 1971 
Duke et al, 1971 


S-Wave 
Velocity 


675 
L150 


1200 
1500 
2000 
Zaow 
6000 


11000 


Thickness 
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TABLE 6 


LOCATION: 


Density 


105 
LEO 


110 
110 
110 
1S 
150 


165 


ALAMEDA 


Damping 


40.00 
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Figure 12. Amplification spectrum for sites underlain 
by 35 feet of Bay Mud. 
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Picure 13.) Amplification spectrum Lom os kt es mnder— 


tain by —> teet of Bay Mud. 
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Figure 14. Amplification spectrum for sites underlain 
by Merritt Sand. 
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t. Figures J2°and) 13 = Representavive of ‘areas underlain 
by Bay Mud. 
2, Figure 14 - Representative of areas underlain by 


Merritt Sand. 


The smoothed amplification spectra resulting from the above 
combinations are presented as Figures 15 and iO lees 

these spectra that will be used in the ensuing groundshaking 
analysis. Some mention should be made here of the Neroughn aia 
the amplification spectra for the Bay Mud sites (Figures 12 
and 13) in the period range between about 0.5-0.8 seconds 

and the apparent disregard for this “trough” on Figure 15. 
Figures 12 and 13 represent two typical thicknesses of Bay 
Mud; one Of 35 gieevetbiek and the other 7~5fieer vivek, “olmce 
the Bay Mud is known to range from 0-100 feet thick in the 
study area, and the "trough" shifts position with varying thick- 
ness, Figure 15 represents the probable envelope of amplifi- 
cation spectra for all thicknesses of Bay Mud, EG is Imper= 
tant to note that the effects of site conditions vary 
continuously in the natural environment. However, a workable 
system requires establishing specific categories of conditions 
within which a "typical" or "average" condition can be con- 


sidered as representative of that category. 


Artificial fills are present around the perimeter of the island. 
These fills vary considerably in engineering properties, thick- 
woeSss, andiface: It fis four opinion, besedson Seed GE9G 9) 5 ther 

the expected ground shaking parameters, irrespective of secondary 


ground failure, can be assumed to be similar to that of the Bay Mud. 
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Figure 15. Smoothed amplification spectrum for sites 
underlain by Bay Mud: 
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Figure 16. Smoothed amplification spectrum for sites 
Urnaerlain by Merritt sand. 
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D. TYPE EARTHQUAKES 

Type earthquake, as used herein, is the strong motion of 
earthquake E, as recorded at Site 1 as illustrated on Figure 
11. The strong motion to be used in computing the engineering 
characteristics of expected shaking for critical facilities 

is the two horizontal components of motion of the 1940 El 
Centro earthquake as recorded at the Imperial Valley Irrigation 
District Office in El Centro 4 miles from the surface trace 

Of che slipped fault (irirunecuencebvune, 1970)... the 

Richter magnitude of this earthquake has been most recently 
set at 6.3 (Earthquake Engineering Research Laboratory, 

1971), and the surface movement was dominantly horizontal. 

It is considered the best available analogy to earthquakes 

of about this magnitude that may be expected on the Hayward 
Fault. The acceleration, velocity and displacement of the 

two horizontal components of motion of this earthquake are 
shown on Figures 17 and 18, and the response spectra derived 
from the records are shown on Figures 19 and 20. The smoothed 
envelope of the spectra used in computing the spectra for 


the studyierea is shewn on Figure 20. 


The strong motion of an earthquake comparable to the 

magnitude 8.0 to 8.5 earthquake expected from the San Andreas 
fault has not been recorded. To fill this gap, the motion has 
been simulated by Jennings, Housner and Tsai (1968) and by Seed 
and Idriss (1969) using the records of the larger earthquake 
(e.g. Taft record of the Arvin-Techachap1i earthquake) and theory 


regarding the variation in earthquake characteristics with 
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component of ground motion of the 1940 Imperial Valley earthquake. 


9 tt 


CELERAT ION 


My 
als 


T 


cy 
EMEN 


a 
I 


1SPERI 


9 


! 

ie) 
eg) 
a9) 


C 


ese 


M/SER 
CM/ SLE. 


GMZSEC 


Figure 18. 


IMPERIAL, VGLEEY ERRINQUAKE gwar is. 1980 = 2037 Pst 


IIAQOL Y¥O.001.0 Bt CENTAG SITE IMPERIAL VALLEY IRRIGATION DISTRICT CQMP SOGW 
Oseecievemues ce POGE = 2181 1CM/SEC/SEC VELOG LT = 266. oC /See BISPL = =19 ses CM 
ri hy it, 1 
‘| ae Thal APs meneame 
CTBT / | 
| 


ca |e SS 8 a | a ee ee 


TSI SECONDS 


Acceleration, velocity and displacement for the east-west component 


of ground motion for the 1940 Imperial Valley earthquake. 
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40 Imperial Valley earthquake 


Response spectrum of the north-south component 


(Figure 18) with smoothed envelopes 


of eround movion of the 19 
for both components. 


Fieure 20. 


increasine magnitude... rhe, results ofthe twonStudLes-aren Very 
TSamvrarw SNe: wesDenserespe Cura, Ole LENS twO..s imine pedx maLrors 
asrecoweLIeUen~etOwanperlodwoLsaboutc..0.Seconds gvbutet oF the 
longer periods the MOts Gis ODOsed hy seed anGA Gris oeheas 
SuDsStanipilaliyvyulower sre sponses) \ hesmovulonyproposcda™ Dy Jennings , 
Housner and Tsai has been used in this study because it assumes 
akSaste. onvediuiviimnaworehs better, ties -Lhe study area. eThe 
response spectra tior one=componenn of this. mogron.ssvineiuded 
asytieure cis. a en additeone LO stheweackuabyrespomser Por,the 
Various damping factors, “smoothed envelopes or both horizontal 
COmMpoOnene se CA—dw ane -ha2) 4. Ory 0 py 5 o4 Onde LO FOOL CritMcad 
damping have been added vasrdashed< curves. )» Pusits hohese, smoothed 
response curves that will be used as the response spectrum of 
the "type earthquake" in the analysis of shaking expected 


trom ~ther san Wndreas-fault . 


BE. MICROZONATION 

As developed in the section on Methodology, earthquake shaking 
av .a- site. is.dependent on. both disvance, to the fault and. site 

geology. « The mathematics of, combininexthese facLors isv~siven 


ip ht ecupe | le, thine Geis or st hd saeco wvatauon,: 


e Gi he 
iat Fe Grae, 


Stave -vllat thewresponses spectrum/sat Ehe-sites im question, Syo> 
is derived by multiplying the response spectrum of the recorded 
earthquake motaon, Sa74 > DY the inversemrationsor the distances 
to the fault that is the source of the recorded earthquake 
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Pe Suiewe l. 


dy/do> and Une ratio of Wiive mecarssuriace amplification spectra, 
An/A, . As developed in the preceding two sections, the res- 
DPOnse Spectra and the anmplitacation spectra are not simple 
numbers, but are functions of frequency (or its inverse, period). 
FhaS process is showm diaerammaticallyeinerigure 22 in terms 

of the data developed an the preeedinge-sections....__the response 
spectrum of the recorded earthquake (S74) Pe vor ener Mioure 21 

or 22 (dashed curves), depending on which earthquake is con- 
sidered. “The ampliticarion specurum at. the, site of the recorded 
earthquake (A,) is Pigurei2s,sand thexamplifcation at the 

teiate in question’ (A,) could be either of the amplification 


spectra of Figures. Lf or 13. 


ine equation discussed sabove is directiy applicable to a spec= 
iii) Sasue wand wes. Use sil Zonation Gequiwes some additional 
exphanaulon as vo therchoice of 4a “typical” or "average" 

amp liteacatwon specinum for each of therssitestypes, and the 
ChOLce (ol pene distance poundaries used pin iiheimicrozonation. 
Thereroupime Orwtche various models Of smite conditLons™into 
Ssocen ele Satertypes. that can be utitized -in. the=zoOnation of 
the area mequires ‘considerable geologic judzment:” Based on 
the results of the modeling of conditions in the Alameda 
Sreamand experience in Other areas the 1Ollowing types, of 


Site conditions have been chosen: 


Map Symbol Siteltype 
M Areas underlain by Bay Mud 
S Areas under@ain by Merritt Sand 
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Amplification spectrum for El Centro accelerograph 


The decrease of intensity due to increasing distance is, 
theoretically, a simple 1/d relationship, but experience in- 
dicates there are variations in this Jinearity, particularly 
for distances’ close to. the Pault.= 11 nothings else, 10 is 
apparent that as ad goes to zero, the spectral values become 
infinite... since thisutisenoevu an acceptable csoluvion, ssome 
moditacatva2on Of tne d,/d, segment of the equation in Figure 22 


is required. 


Studies of the attenuation of maximum ground acceleration 

with distance by Schnabel and Seed (1973) offer a reasonable 
solution to this problem. Their attenuation curves for various 
magnitude earthquakes (Hicume 24), as moditied by Greenstelder 
(1974), are used herein to define the boundaries of the dis- 
tance zones and to modify the 1/d relationship. These attenua- 
tion curves are also used to modify (scale) the spectra of 

the magnitude 6.3 El Centro earthquake to the spectra that 
would be expected had the magnitude of this earthquake been 


(Gah 


The general characteristics of earthquake shaking for each of 
the zones as discussed above are summarized in Table 7, and 
ther spectra for the Zones as referenced in the table are 
included as Figures 25 through 30. The areal distribution 


of the zones in Alameda is shown on Plate I. 
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TABLE 7 


GENERALIZED CHARACTERISTICS OF EXPECTED EARTHQUAKES 
ALAMEDA, CALIFORNIA 


Non=criucical Facilities Criticade faci licies 


1S O56 
25 0.56 
1M doll 
eM thoes’ 


g = Maximum ground acceleration expressed as a 
decimal fraction of the acceleration of 

gravity. 

Predominant period of ground shaking in seconds. 
Duration of "strong" shaking in seconds. 


ih 
1g 
S Figure number for applicable response spectra. 
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Consider also the response spectrum for non-critical facilities (Figures 25 or 26) 
as the spectral values for this event exceed those for the event nominally 
assigned to this use group for a part of the range of periods. 
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Response spectrum for Zones 15 and 28 of 


magnitude 8.25 event on San Andreas fault for 0, 5, 
and 10% of critical damping. 
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Response spectrum for Zones 1M and 2M of 
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magnitude 8.25 event on San Andreas fault for 0, 5, 
and) 10% of critvcal damping: 


Figure 26. 
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Figure 28. 


Comparison of the response spectra for critical and semi- 
eritical facilities with those for non-critical facilities 
shows that while the maximum ground accelerations are generally 
greater for the former, the spectral, values, are. greater for 
thenlatter over) @esienifacants parts of the, range,of periods, 
Therefore, the spectra for both use categories should be con- 
sideredtin, thes designs of, critical.and,semi-eritical 


facilities. 
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IV. SECONDARY HAZARDS 

INE LIQUEFACTION 

Liquefaction involves a sudden loss ine strenectn of a Saturated 
cohesionless soil (predominantly fine grained sand) which 

is caused by shock or strain (such as an earthquake), and 
results in temporary transformation of the soil to a fluid 
mass. If the liquefying layer is near the surface, the effects 
are much like that of quicksand on any structure Locatved- on 

it. If the layer"is Gdn thessubsurfaece, iy may provided 
sliding surface for the material above its Pldquetaction 
typically occurs in areas where the groundwater is less than 

30 feet from the surface and where the soils are composed of 
poor lye consolidated ine vO medium sand.— In additiom to the 
necessary soil conditions, the ground acceleration and duration 
of the earthquake must also be of a sufficient level to bring 


on liquefaction. 


A study of liquefaction potential in Southern San Francisco 
Bay. Dy OU gase ve dll C1073) deseri bes the potentialsfor Jique- 
faction in the Young Bay Mud as "...locally high where wilear 
granular layers Te-within Young Bay Sediments." aFfor.the pur-— 
poses of thie Generaler lan Element, we have assigned a high 
liquefaction potential to the areas of Alameda underlain. by 
Bay Mud (Plate I) to serve as an admonition to developers that 
the probability of Viguefaction is present, and must be 


addressed in pre-development investigations. 


Youd, et al (1973) assigns a "Moderately Bow woobeutial ror 
liquefaction to the Merritt Sand, however, in the text or the 


paper they state that the area, im Alameda, underlain by Merrivc 
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Sand "...has a continual potential for liquefacvion” due to 

the high groundwater level. More recent reports on file with 
the Cicvy (perticularly Woodward-Lundgren & Associates, May, 
1974, and December, 1974) include subsurface data and labora-— 
tory test results which indicate that liquefaction could’ take 
place in the event of a severe earthquake. In both cases, 
mitigation measures were recommended. Based on this information 
we have also assigned a high liquefaction potential to the 


areas underlain by Merritt Sand (Plate I). 


Bary OB TILEMENT 

Settlement may occur in unconsolidated soils during earthquake 
shaking as the result sof a more efficient rearrangement of the 
individual soil particles. Settlements of sufficient magni- 
tude to cause significant structural damage are normally 
associated with rapidly deposited sediments such as the Bay Mud 
or Merritt Sand or with improperly founded or poorly compacted 


igen ele 


The poorly consolidated sediments underlying Alameda can be 
expected to experience significant settlement during a strong 
to severe earthquake on either the San Andreas or Hayward faults. 
Estimates of settlement at a particular site must be made on an 
individual basis, but typical values, in areas of Merritt Sand, 
range up to about 5 inches, with more settlement likely in 
areas underlain by Bay mud deposits (peports On file with 


Building Department). 


C. TSUNAMIS 
Tsunamis are seismic sea waves generated primarily by vertical 


offsets of the sea floor accompanying submarine faulting. Lhe 
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destructive power of tsunamis is due to the fact that they 
travel at velocities approaching 400 miles per hour. While 
they are generally imperceptible on the open sea, tsunamis have 
been recorded that crested to heights of more than !00 feet 
before slamming into shore. These great heights are rare, 

and depend on several factors such as offshore topography, 


tide phase, and coastline orientation and configuration. 


Faulting at great distance is the most common source of tsunamis 
along the California coast. Typical source areas are the 

great submarine trenches off Chile and Alaska. The latter 

was the source area for the tsunami that struck Crescent City 

in 1964 with 13 foot waves claiming 11 lives, and causing 

over 11 million dollars damage. The Seismic Sea-Wave Warning 
System administered by the U.S. Coast and Geodetic Survey 
detects incoming tsunamis and supplies the endangered localities 
with the expected arrival times of the waves. The warning 

times vary with distance from the source, but for most tsunamis 
approaching the coast several hours are available to evacuate 


the citizens and to make emergency preparations. 


Hazardous tsunamis which may occur along the coastline can 
only enter San Francisco Bay through the Golden Gate. This 
narrow constriction will severely limit the wave energy 
entering the Bay. The wave front will attenuate as it spreads 
into the Bay, and the probable affect at Alameda will be 


Similar to rapidly fluctuating, exaggerated tidal cycles. 


A tsunami inundation map prepared by Waterfront Design Associates 


(1975) using data from Weigle, 1970 and 1974, shows the areas 
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an hlameda whichecan Ce expected) LO experience flooding nag 
the event of a tsunami with an expected recurrence interval 
of about 200 years. The affected portions of Alameda are 
delineatedvon Glace, 1 inspocker)., Sine depth of flooding, 
wave heights, and damage potential cannot be determined from 


available information. 


Ol Sh CHES 

Seiches are standing waves produced in a body of water by 

winds, atmospheric changes, the passage of earthquake waves, 
ete. Studies of true seismic selchnes are limited, but that by 
MeGarr and Vorhis, 1968, of seiches induced by the Alaska 
earthquake of 1964 indicates that the largest recorded wave 
hetehts: (double ampbitude) did not exceed Jezatect. Since this 
4s less than wave heights that would be expecved trom wind— 
induced waves, true seismic seiches are not considered as 
constatutingialsignificant thazavdgingopen bodies of sae id, lie 
study area. However, seiching in storage tanks may be important 


within the Alameda area. 


E. LANDSLIDES 

Earthquake induced landslides will not be a significant hazard 
within the study area due to low topograpnic relie® and.an 
absence of steep slopes. Artifically created slopes and natural 
slopes with gradients exceeding 50%, however, may experience 
localized slumping. These slopes are prevalent mainly along 


the estuary. 
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Vv. SAFETY CONSIDERATIONS 

The City of Alameda is a mature, urban area that includes 

a balance of industrial, commercial and residential land 

uses. The City is) located On an island Uhav is Tinked to 

the nearby Oakland metropolitan area by two series Ot Crraces 

and vehicular tubes that traverse the Alameda Harbor Tidal 

Channel to the north and the San Leandro Channel to the 

southeast. The City's location, away from major watershed 

areas, has minimized the City's exposure to major Piood 

hazards. However, the Department of Housing and Urban Develop- 

ment (HUD) has delineated four general areas within the City 

that are "known to be subject to flooding." These areas 

include: 

1. "The Yodd Shipyard area at the north end of Main Street. 

2, The Webster Street area which includes (a) Webster Street 
at Atlantic Avenue and at Bethlehem Avenue, (b) the 
Vicinity OF Brush sereev Doth easterly and westerly of 
Third Streetylande(c) tthesnorth endsiofikighth) Street; 
Nason Street and Ninth Street. 


ar The Pacific Marina area. 


h. he Golf Course and the older community of Bay Farm Island 
(Garden Road, Maitland Drive and Beach Road). 


Flooding in most of these locations is relatively minor, and 
occurs due to temporary inadequacies in the local storm water 
pump systems. Flooding is most Likely vo occur when Higher 
than average runoff coincides with a high tide. These condi- 
tions have a tendency to overload drain systems, causing water 
to back up into the streets and gutters of the particular area. 
Since flooding of this type is usually more inconveniencing 
than physically or economically hazardous, PLO CCUsU I Ayes Tht. ct 


major problem in Alameda. 
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The City's, insular location made iiiteattractive asilarcentver, 


of maritime industry, and soon the primary industrial focus 


became the shipyards and docks edging the island. However, 
unlike other industrial areas, the City retained a substan- 
tial residential-commercial base. The varied nature of 
Alameda's urban landscape has played an important role in 
shaping the issues and concerns of the City, including those 


that relate to the level -of urban: fire *hazard: 
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VL. EXISTING FIRE PROBLEMS 

A. MAJOR FIRE PROBLEMS 

Potential fire outbreaks in large apartment complexes such 
as those in the South Shore Beach and Shorepoint Road areas, 
comprise the City's major fire problem (personal communica- 
tion Ernest F. Servente, Fire Chief). The difficulties 
encountered in delivering personnel and water to such Harees 
ana often spread-out structures, form the basi svotrTenis 


specialized fire concern. 


Other fire problems of a less critical nature are potential 
ship fires and industrial fire outbreaks in the dock areas 
near the Encinal terminals and the Todd Shipyards. Since 
ship fires involve problems and strategies that depend on 

the design of the individual ship, the large variety of craft 
utilizing the terminals compounds the fire hazard and hinders 


efficient fire suppression. 


By ‘CRITMCALTFACTEITIES 

The City of Alameda contains approximately 9° structures 

whose presence and continued functioning constitutes a vital 
role in a potential emergency, or whose failure might prove 
catastrophic. Among these facilities are four fire stations, 
the Police Station, City Hall, one hospital, 16 auditoriums, 

91 schools and five other facilities, since each facility ~ 
represents an important element in the emergency response 
strategy of the City, they have been given added fire-protection 


considerations. 
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Tape (0 Lisveu the types Ole Ceiticad faci lities-to be found 
in the City, and desceribesmuhedr evocation and maximum 
bUIlIdine herghnu. es riate: Ll shows the location of ach 


Stmueture Within the Catys 
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TABLE 8 


LIST OF CRITICAL BUILDINGS 
CITY OF ALAMEDA 


Theaters Location Max. Building Height 
Alameda Central and Oak 3 Stories 
Showcase 2200 Block of 

Shoreline 2 ASGOr ies 
Hospitals 
Alameda Clinton and Willow 6 stories 


hire Stapvons 


Park and Encinal 2 Stores 
Pacific and Grand Lilj2 vs Tories 
Pacific and Webster 122 Stones 
Island Drive 4 stories 
Police SpaGLons 
City ale Santa Clara and Oak a) lye stories 
Ambulance Service 
Tancoln and Oak 2 stories 
Libraries 
Main Santa Clara and Oak 2a en SEOrlLes 
Branch Santa Clara and 8th 1 story 
Red Cross 
T5600 Block of Centrad 2447/2 Stories 
Schools 
Encinal High 
School 210 Central 2 Stories 
Woodstock Ap ventic end. 3rd 1 story 
Chipman Pacific and Marshal Way Pe VOLeLes 
Longfellow Pacificsand Sth 2 stories 
Paden 4OO block of Central 2 


stories 


#5 


Schools 


Ste Barnabas 
Washington 
Mastick 
Franklin 
Wood 

Lum 

DG. JOscepis 
Haight 
Alameda High 
Christian 
Island High 
Edison 

Cris 
Sts... penetra 
Lincoln 
College of 
Alameda 
Auditoriums 
Masonic Tempte 
Eagles Hall 
BbicsesC Lup 


Veterans Bldg. 


Alameda High 
Schoo: 


Encinal Hien 
School 


Washington School 
Wood School 
Chipman School 
Divicoin schook 


Longfellow School 


TABLE 8 


CITY OF ALAMEDA 


(con't) 


Location 


Central and 
canta Clara 
Santa Clare 


San Ancornto 


6th 
and otn 
and Bay 


and Paru 


LIST OF CRITICAL BUILDINGS 


Max 


apublding wei ene 


400 Block of Grand 
Otis and Grand 


Chestnut and San Jose 


Santa Clara and Chestnut 


Encinal and Walnut 
eeHOsELOCKROI Nr actinic 
Eagle and Everett 
Buena, Vista and Pear! 
High and Fillmore 
High and Jackson 


Central and Mound 


Webster and Atlantic 


Park Street and Alameda 
Oak Street and Alameda 


2200 =BlOCk OF toaned 
Clara 


Walnut and Central 
Encinal and Walnut 


Choe Centra. Avenue 
Sanne «Clara tana sath 

00 Block of Grand St. 
Pacific and Marshal Way 
Central and Mound 
PACTIUC and. ot 


ihe 


(US) INS) psy RP SP INS Se SP eS) et pe IY 


DI COMIN CO nS) 


stories 
Stories 
story 
ScOrLes 
stories 

1/2? ‘stories 
i/2SvTOrLes 
Sporades 
Seorres 

S cory 

StOry 

SUOLry 
stories 
SOLES 


stories 


stories 


stories 


stories 


stories 


fe Stories 


stories 


stories 
SCORES 
stories 
stories 
stories 


stories 
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Cy. BACTORS DETERMINING OVERALL FIRE HAZARD 

Four Major factors COntribpucve to the level of fire hazard in 
an Ulven areameyiney aree stra Lima ted access, (ec inadequave 
water supplies, (3) hazardous land uses, and (4) response 


time intervals. 


i Siniimited fAccess 

Limbted -access;easvused qhereinjimefers tocthe idifficubty 
encountered in delivering adequate equipment and personnel 

to a fire. Access.to an srea or a particular structurems 
affected by street widths and layouts, building design, and 
Jang’ use patterns. “Thevfire proptlemsrassociated with the 
apartment complexes in the City are examples of access-related 


issues and concerns. 


2. inadequate Waver supp. y 

Inadequate water systems result from insufficient volumes of 
deliverable waver cr inadequate pressure im the system of 

a given area. Water-related fire fighting problems can 
effectively hinder timer suppression scapabititaes in a Piven 
abe d, nds nCreacemunem ii kelinoodwot ~a-spreadi ne. mutti= 


structure fire. 


3. Hazardous Land Uses 

Land uses such as “industrial plants dispensing. orn utilizing 
flammable materials, tend to increase the overall fire hazard. 
Although fire regulations to deal with these.specialized fire 
Situations are stipulated in local codes and ordinances, extra 


eaution is necessary in adjacent land use decisions. 


(3 


4, Response Time Intervals 

"Response time" is the time required for a fire fighting 
Unit Go respond to a fire in a specified area. The time 
required for such a response 12 “a erigical element in the 
overall fire fighting strategy. Response times are deter- 
mined by traffic flow patterns, and more inmportanuly..0y7 
the placement or fire stations. 1n a community /0eA Sstravegic 
placement of stations can optimize the coverage in an area, 
and help provide adequate levels of protection throughout 


a community. 


A response time of at most six minutes is considered absolutely 
essential for the welfare of a community. The City of Alameda, 
through its placement of fire stations, has improved upon 

this base level of protection. Almost all of the City is less 
than two minutes away from a fire station with the only area 
significantly outside the two-minutes response envelope being 


the Naval Air Station which has its own fire-fighting capability. 


D, GAS ANDSELECTRIGAL ULTLIEY LONE 

Plate II shows the location of the major gas and electrical 
ueiligy lines that service the City. 9 Their presence. in and 
of themselves, constitutes only a minimal fire hazard. How- 
ever, in an earthquake situation, ruptured gas mains and 
downed power lines could significantly eontribute to the 
likelihood of local fire. The Pacific Gas and Electric 
Company maintains shut-off points along each route, and 
following an earthquake or other disaster of a Similar nature, 


escaping gas or downed electrical lines should be shut-off. 
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VIP. BALO LUNG Se ROTECT ION 


The AGity -ofeahiameda ta bls eniauely Wachitethe area of res— 
ponsibilhity.-of. tthe Alameda..City, Hire Department, Chief 
Ernest F. Servente. The Fire Department operates from four 
stations Located at the followings, addresses. 

Park ‘and Encinal 

Pac Et2.C 23nd wGrend 

Pacific and Webster 


istand-Drive 
(Sée "Plate li‘for slocaticn,) 


Tnée=locatlonor these four stations allows the Department to 


respond to an emergency in the City within a two minute period. 


The City Fire Department is staffed by 102 professional fire- 
fightvine personne? vand“is organized in the following manner: 
i Chae G 
Se Assistant -CHLers 
1L,.Captains 
12 Lieutenants 


24 Apparatus Operators 


4Q Firemen 
The Alameda City Fire Department has an equipment inventory 
comprising 9 pieces described as follows: 


6 1250 gallon per minute pumpers 
oe Prucks 
1 1000 -pailon per minute fireboar 


The Fire Department responds annually to approximately 1800 
alarms, 50% of whieh are structural tires. The remaining 
alarms involve automobile fires, first aid calls, miscellaneous 


fires and false alarms. 


Te 


The Alameda City Fire Department has attained a Class 3 fire 
protection rating from the Insurance Services Office GESO ) 

a national organization that periodically evaluates fire 
departments throughout the nation on a Class 1-10 basis. 
Using their criteria, a Class 1 department provides the most 
ideal devel of protection mandessonlyerarely assigned. A 
Class 3 ranking, such as that awarded the City's Department, 
has been granted to about 25% of the larger metropolitan fire 
departments in the nation. Class 2 rankings have been given 
to only about the upper 3% of cities with populations over 


25,000.* 


The Alameda City Fire Department has entered into a mutual aid 
agreement with all of the cities in the County of Alameda. In 
the event.ot @ Jarce scale filme in the City. the Fire Department 
could enlist almost unlimited assistance in the form of personnel 


and equipment from fire departments throughout the County. 


* International City Managers Assoc., 1968, Municipal Fire 
Administration. 
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VIIL. CONCLUSIONS 


Ae 


SEISMIC AND GEOLOGIC HAZARDS 


The City of Alameda is located in a Here Ob Cali lornia 
considered seismically active. 

The states of activity of the major faults affecting the 
City have been evaluated using available published and 
unpublished data. Major Conctusions are: 


a. The.San Andreas faults active. and, is 
expected to be the source of a magnitude 
8.0-8.5 earthquake in the next 50-100 
years. 

b. The Hayward fault zone is active and 
is expected to be the source of future 
significant earthquakes. 

ec. Earthquakes can and will occur on other 
faults an the region but their eiieces 
on the study area will be less than 
those for the events on either the San 


Andreas or Hayward fault zones. 

The earthquakes expected from the San Andreas and Hayward 
fault zones will result in ground shaking of approximately 
equal intensity in Alameda, depending on the character- 
istics of earthquake shaking applicable to a particular 
structure. Since the earthquake from the San Andreas 
fault zone has a greater risk of occurrence than that 

from the Hayward fault zone, the former is considered 
applicable to structures of non-critical use, and both 
events should be considered in the design of critical 


fac Littles. 


19 


Q. 


Microzonation of the study area is based on the distance 
from the Hayward and San Andreas fault zones and the 

type of earth materials present. The ground shaking 
characteristics of each zone for each expected earthquake 
are presented as response spectra in the report, and the 
rpeneralized characteristics of expected shaking to be 
applied to each of the zones in the City are summarized 
in Table 7. The areal distribution of the zones is 

Shown on Plate 1. The response spectra and Table 7 
provide the necessary information to enable a structural 
engineer to modify the existing building codes. 
Liquefaction and settlement are considered significant 
hazards in all of the City. Soils engineering reports 
prepared for sites in the City should specifically address 
the problems of liquefaction and settlement, and eval- 
uate them using the ground shaking parameters presented 
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The major problem istiire ine tne large apartment complexes 


such as those in the South Shore Beach and Shore Point 
Road areas. 

Problems of a somewhat less critical nature include 
fires at the Todd Shipyards and the Encinal terminals. 
Rupture of local gas lines or downed electrical utility 
lines could compound fire hazards in the event of a 
major disaster such as an earthquake. 

The City of Alameda receives adequate fire protection 


through the City Fire Department 


FLOOD HAZARDS 
Because of its geographical DOSITION yatnemoity. oF 
Alameda does not have a flood hazard other than that 


from tsunami noted above. 
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